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Teaching Professional Attributes 


By N. W. DOUGHERTY 


Dean of Engineering, University of Tennessee 


The word “professional” has been 
bandied about so much that it has a 
flood of meanings all the way from a 
person who makes.a living from a spe- 
cial skill to the noblesse oblige of the 
learned practitioner. We tried to get 
help from the dictionary and, of course, 
could find nothing that was not very 
common knowledge: 


“The occupation if not purely commer- 
cial, mechanical, agricultural, or the like, 
to which one devotes oneself; a calling in 
which one professes to have acquired 
some special knowledge used by way 
either of instructing, guiding, or advising 
others or serving them as an art; as, the 
profession of arms, of teaching, of chem- 
istry.” —Webster’s New International. 


The writer was having quite a time 
in being specific. As a matter of 
fact, he could not pin his word down. 
We will have to define our meaning 
when we suggest that we teach young 
engineers to be professional. 

As a member of ECPD’s Committee 
on Professional Recognition I have 
made some study of the meaning as ap- 
plied to one who is practicing in a field 
of applied knowledge. After some dis- 
cussion and exchange of views the 
Committee published in its 1945 an- 
nual report certain attributes which 
seemed to define professional practice : 
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“Attributes of a Profession and Its 
Practitioners + 


Of a Profession: 


1. It must satisfy an indispensable and 
beneficial social need. 

2. Its work must require the exercise 
of discretion and judgment and not 
be subject to standardization. 

3. It is a type of activity conducted 
upon a high intellectual plane. 

(a) Its knowledge and skills are not 
common possessions of the gen- 
eral public; they are the results 
of tested research and experi- 
ence and are acquired through 
a special discipline of education 
and practice. 

(b) Engineering requires a body of 

distinctive knowledge (science) 

and art (skill). 

1 References : 

“Report of the Investigation of Engi- 
neering Education” by W. E. Wicken- 
den, vol. 2, p. 1107; Annual Report 
ECPD 1941, page 28. 

Vannevar Bush, American Engineering 
Council, 19th Annual Meeting, 1939. 

N. W. Dougherty, Civil Engineering, 
June 1945; JouRNAL oF ENGINEERING 
Epucation, December 1944, - June 
1945. 

Bryne J. Horton, Graduate Faculty of 
St. John’s College. 

Robert E. Doherty, JourNAL oF ENcI- 
NEERING Epucation, September 1944. 
Talk delivered at the annual meeting 
of SPEE, June 1944, Cincinnati, Ohio. 
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4. It must have group consciousness 
for the promotion of technical knowl- 
edge and professional ideals and for 
rendering social services. 

5. It should have legal status and must 
require well-formulated standards of 
admission. 


Professional Practitioners: 


1. They must have a service motive, 
sharing their advances in knowledge, 
guarding their professional integrity 
and ideals, and tendering gratuitous 
public service in addition to that 
engaged by clients. 

. They must recognize their obliga- 
tions to society and to other practi- 
tioners by living up to established 
and accepted codes of conduct. 

3. They must assume relations of con- 
fidence and accept individual respon- 
sibility. 

4. They should be members of profes- 
sional groups and they should carry 
their part of the responsibility of 
advancing professional knowledge, 
ideals, and practice.” 


bo 


There is probably no need of thresh- 
ing over the old straw which questions 
engineering as a qualifying activity. 
I will assume that it does qualify and 
permit the reader to furnish the argu- 
ments for and against. The reasons 
are very obvious why we have a wide 
difference of opinion. Engineering 
practice ranges over the whole of hu- 
man activity in construction, produc- 
tion, transportation, communications, 
valuation, and the development of nat- 
ural resources. Responsibilities range 
from artisan to chief engineer or owner 
and training ranges from “picking it 
up on the job” to many years of for- 
mal scientific and technological at- 
tainment. It is not surprising that we 
have trouble in finding a term which 
will describe such a _ heterogeneous 
group. 

As we go into the future it is be- 
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coming apparent that there will be a 
much smaller percentage of engineers 
without formal training in professional 


. practice and that: college training will 


become more and more the entrance 
requirement to professional activity, 
Since students now in college will be 
the professionals of the next ten and 
twenty years we should, by taking 
thought, see if we can add to their 
professional stature. 

Can these things be taught? Here 
my answer must be in the affirmative, 
Any principle or practice which can be 
identified can be taught. But since many 
of them are intangibles, attitudes, or 
ways of doing things, we may not be 
able to use all of the practices of the 
classroom or the laboratory. I am 
afraid Rousseau was optimistic when 
he taught that in a state of nature all of 
us would be good and that we would 
exhibit traits of self-denial and that we 
would work with no thought of the re- 
ward. Ina profession there must be an 
eleemosynary element—a refined grace- 
fulness—and a will to do because it is 
right to do. Such elements and atti- 
tudes come from the home, the school 
and from our selected associates. Too 
rarely do they come by accident and by 
the laws of nature. 

First of all, to teach any quality the 
teacher must possess it. The emphasis 
must be on “being and becoming” and 
not on “getting and holding.” One 
grows into the stature of a professional 
rather than by decision changes over 
into a professional. It is very hard 
for the charlatan to make himself over 
into the full grown professional prac- 
titioner. The qualities are very deep, 
certainly more than just skin deep. 
The practice must be in accord with 
the declaration. 

Probably most of the teaching suc- 
cess will come by contact and contagion 
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rather than by lecture and assignment, 
yet there are some things that formal 
instruction can do. There is an at- 
mosphere and a climate which may be 
described, an attitude of mind that 
may be developed and a spirit which 
may be transmitted. 

The teaching of science and applied 
science requires the application of many 
of the qualities required of a profes- 
sional. Strict adherence to the truth, 
without regard to personal gain or 
popularity, is essential. This is a 
quality needed to perform in any of the 
learned professions. Science teaching 
requires quantitative thinking; science 
practice requires it in detail. Pro- 
fessional practice thrives on quantita- 
tive abilities. 

A few weeks ago I prepared a short 
paper on the relation of democracy to 
the development of science in the 
world. In the study it was apparent 
that the practice of the learned pro- 
fessions had a similar development. 
Democracy and science depend upon 
freedom of the individual ; professional 
attitudes and responsibilities are in- 
dividual things and must be borne by 
individuals. We can hardly think of 
a major professional decision which 
will not rest upon some individual 
shoulders. Training in responsibility 
will be training in professional prac- 
tice. Professionals must do what they, 
as professionals, determine should be 
done. Here again their practice de- 
pends upon freedom of the individual. 
Practices in engineering teaching 
which tend to destroy individuality 
should be weeded out and thought 
should be devoted to methods of de- 
veloping originality. Routine kills the 
professional spirit; formalism should 
only be practiced at its burial. 

Certainly we can teach the codes of 
ethics in the classroom and the labora- 
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tory. We can teach the relation of 
practitioner to client and the responsi- 
bility of practitioner to his fellows and 
to the public. By conscious effort the 
teacher can point to the responsibilities 
and practices which lead to profes- 
sional success. All students should 
have their attention called to some good 
book on etiquette, and, from my ob- 
servation of some grown-ups, they 
could stand some classroom instruc- 
tion in it. 

There are certain forces which act 
against professionalism in engineering. 
One is the fragmentation of the pro- 
fession. On every side is a multi- 
plicity of organization; unity is prac- 
tically unknown. Certainly good teach- 
ing can develop a cooperative attitude 
among practitioners and prevent part 
of the going in many directions. Fac- 
ulties should study their offerings and 
avoid multiplication of curricula, 

Individuality is a professional requi- 
site but the lone wolf does not add 
much to professional practice. Stu- 
dents can be taught the art of coopera- 
tion and certainly they can be given 
instruction and practice in the ways of 
group action. They can learn that the 
judgment of a group can be much bet- 
ter than the judgment of any individual 
in the group and that the emotional 
actions of the group may be much 
lower than the normal actions of any 
of its members. The study of science 
and technology tends to steel the indi- 
vidual against compromise. In these 
fields there is little need of compromise 
but in the fields of human relations 
there is constant need of understand- 
ing and respecting the point of view of 
others. Good teaching can help in this 
much abused area of professional prac- 
tice. I have just finished reading Van 
Doren’s “The Great Rehearsal” and it 
is a good lesson in group activity. 
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Our professional pride has stood 
in the way of better public understand- 
ing. There seems to be something 


mysterious about our manufacturing 


processes which causes engineers and 
their industries to try to keep trade 
secrets. Much that each industry 
knows is better known by its competi- 
tor and yet there is a secrecy about 
the plant which defies understanding. 
Then, too, we have tried to hide our 
light under a bushel. Our codes of 
ethics forbid laudatory advertising and 
we construe the code to mean no adver- 
tising at all. A reasonable attitude 
may be developed in the classroom and 
from assignments in the library. 

Here are some things that we can do 
which will strengthen our professional 
teaching and help build a better engi- 
neering profession. First, let us de- 
velop some kind of common core of in- 
struction which will be peculiar to en- 
gineering. It must be more than the 
frills of professional attitudes; it must 
be the real heart of the program. I 
suggest that teachers of mechanics, 
fluid mechanics, thermodynamics, phys- 
ics, electricity and magnetism, draw- 
ing, and the other common subjects in 
the engineering course of study give 
special emphasis to the fact that these 
subjects identify students as engineers 
rather than as civil engineers, hydraulic 
engineers, radio engineers, power en- 
gineers, etc. 
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Student meetings can be made into 
forums for unity of action. Instead 
of always emphasizing the differences 
between the groups of engineers let 
us talk about some of the common 
things—the engineering method, the 
approach, the attitude, the spirit and 
the fact that all engineers have the 
same economic problems. Incidental 
instruction in the several classrooms 


may give good dividends along the f 


path of unified action. 

Pride in ancestry and hope for 
posterity have been driving forces in 
all generations. We have a right to 
take pride in our past engineering 
achievement and we have bright hopes 
for an expanding future. There is no 
such thing as a mature economy for 
the inventive mind and the one who 
knows science and technology. Teach- 
ers can develop the traditions of the 
past and inspire for the future. These 
will add to the professional abilities of 
their students. 

Finally let us take this gospel to the 
beginning student. Let him know 
that he is embarking upon a path of 
hard work but one which will lead 
to satisfaction and achievement. If 
he cannot become enthusiastic about 
the prospect he will probably falter 
by the wayside and fail to become pro- 
fessional. A will to do and to become 
are basic to success in any profession. 
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“Higher Education for American Democracy” 


1 


By WELLER EMBLER 
Head, Department of Humanities, The Cooper Union 


“Higher Education for American 
Democracy,” the comprehensive report 
of the President’s Commission on 
Higher Education, will be issued when 
it is completed in a series of six vol- 
umes. Volume I of the series, under 
the title “Establishing the Goals,” is a 
document of great value for all Ameri- 
cans, and it is, of course, of distinct im- 
portance for those whose work is in the 
field of education. The findings and 
the recommendations of the President’s 
Commission presented in this initial 
report reflect the changes in the cul- 
tural ideals of twentieth-century Amer- 
icans, changes which the entire system 
of higher education must take seriously 
into account if our democratic way of 
life is to move ever forward toward its 
fulfillment. 

It is not surprising to learn from this 
first report that even though it is the 
tendency of the American people to 
seek higher education in ever-greater 
numbers, the educational attainments 
of the American people are still sub- 
stantially below what is necessary for 
effective individual living or for the 
well-being of our society. Our rapid 
technological progress is enough in it- 


1 Higher Education for American Democ- 
racy, Volume I, “Establishing the Goals,” is 
the first of six volumes of a report by the 
President’s Commission on Higher Education, 
1947. These may be obtained from the U. S. 
Government Printing Office. 
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self to demand that higher education 
be extended to more people. But in ad- 
dition it is pointed out in the Preface 
to the Commission’s report that Amer- 
ica can no longer remain in its tradi- 
tional isolationism and that our citi- 
zens must have knowledge of other 
peoples in order to further interna- 
tional cooperation. Moreover, the com- 
ing atomic age will bring with it social 
and economic changes which must be 
anticipated and prepared for. Are our 
colleges and universities ready to train 
ever larger numbers of students and 
are they ready to assume the new tasks 
which will be imposed upon them? 
Progress in the field of expansion has 
been made, but higher education in 
America has need of the considerable 
reviewing which the President’s Com- 
mission has given it ; and our defections 
in the light of future needs are all too 
apparent. 

If we are to realize democracy more 
fully and completely, we shall have to 
educate more people at each level of 
the educational program. The Com- 
mission believes that in 1960 a mini- 
mum of 4,600,000 young people should 
be enrolled in non-profit institutions 
for education beyond the traditional 
twelfth grade. This figure would rep- 
resent about one-half of the college-age 
population in 1960 and would be an 
increase of approximately 50 per cent 
over the normal expectation under a 
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continuation of postwar trends.? In 
order to provide for a doubling of the 
student load, it will be necessary not 
only to expand educational facilities 


but to bring public opinion to an_ 


awareness of the “transcendent” im- 
portance of education, so that it will 
support and insist upon the necessary 
increase in appropriation for higher 
education. 

If we are to realize democracy more 
fully and completely we shall also have 
to devise patterns of education that will 
prepare large numbers of students to 
accept effectively the responsibilities of 
modern society. To preserve our de- 
mocracy it will be necessary, says the 
Commission, for higher education to 
put emphasis on the development of 
the individual, perfecting “the intrinsic 
powers of every citizen.” Develop- 
ment of self-discipline, sensitivity to in- 
justice and inequality, insight into hu- 
man motives and aspirations, these to- 
gether with the development of the 
spirit of democratic compromise and 
cooperation are aims of democratic 
education. But it should be remem- 
bered also that self-discipline is not 
enough by itself; and training in social 
responsibility is essential. “No man 


2In arriving at the enrollment recom- 
mended for 1960, the Commission “gave con- 
sideration to the results of the Army Gen- 
eral Classification Test.’ The results of 
this test as given to about 10,000,000 men 
entering the enlisted Army together with the 
results of the American Council on Educa- 
tion Psychological Examination as given to 
entering students by several hundred col- 
leges afforded the evidence for concluding 
that (1) at least 49 per cent of our popula- 
tion has the mental ability to complete 14 
years of schooling with a curriculum of gen- 
eral and vocational studies; and (2) at least 
32 per cent of our population has the mental 
ability to complete an advanced liberal or 
specialized professional education. [Pages 


40-41.] 
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can live to himself alone, expecting to 
benefit from social progress without 
contributing to it.” [Page 10.] The 
meaning of democracy, the ideals of 
democracy which have not yet been 


fully realized, and allegiance to demo. » 


racy should be learned as fundamental 
concepts. Without a deep belief in the 
worth of the individual, the dignity and 
value of human life, democracy is im- 
possible ; without a realistic knowledge 
of the actual processes by which the 
political, economic, and social life of 
the people is carried on, political action 
is aimless. 

It is, however, not enough that we 
attend solely to our problems at home 
“Our thinking still bears marks of pro- 
vincialism.” [Page 16.] And the re 
port of the Commission emphasizes 


modern man’s need to sense the sweep | 


of world history in order to see not 
only the common humanity of men 
everywhere but to see “his own civili- 
zation in the context of other cultures.” 
[Page 17.] There are rich advantages 


in cultural diversity, and this is ap-[ 


parent to us in the different cultura 
backgrounds of the diverse groups 
which make up America. But it should 
not be forgotten, of course, ‘that inter- 
dependence is as real and as important 
as individuality. If the cooperative 
spirit is to function, our colleges ani 
universities will be responsible for 
training personnel in an understanding 
of human relations, in understanding 
of races as well as individuals, and in 
leadership for the many responsible 
jobs of modern society. Therefore a 
program of intercultural understanding 
for world citizenship should be a part 
of every person’s general education. 
In Chapter II of the report, the 
Commission presents statistical ev- 
dence of the barriers to equal oppor 
tunity in education. In the section on 
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“Economic Barriers” it is pointed out 
that the largest families are those with 
the lowest incomes. Despite the upward 
trend in average per capita income, 
millions of capable young people can- 
not afford a college education, and this 
is obviously a condition which “is de- 
priving the nation of a vast amount of 
potential social competence which it 
sorely needs.” [Page 29.] There 
exist also glaring regional variations in 
educational opportunity, and “the fact 
is that the future citizens of the Na- 
tion are being born in disproportion- 
ately large numbers in communities in 
which economic resources are the 
weakest, the plane of living the lowest, 
cultural conditions the poorest, and the 
home the least well equipped to con- 
tribute either to the physical well-being 
of youth or to their intellectual devel- 
opment.” [Page 31.] 

A third barrier to equal opportunity 
exists in the restricted curriculum. 
“Many young people have abilities of 
a different kind, and they cannot re- 
ceive ‘education commensurate with 
their native capacities’ in colleges and 
universities that recognize only one 
kind of educable intelligence.” [Page 
32.] Our society needs an enormous 
variety of talents. It is essential, there- 
fore, that our colleges provide pro- 
grams for the development of abilities 
other than those involved in academic 
aptitude. 

One of the outstanding barriers to 
equal opportunity is the disadvantage 
suffered by our Negro citizens. 
Whereas gains have been made toward 
eliminating the racial inequalities re- 
sponsible for the low level of educa- 
tional achievement by the Negroes, in- 
equalities remain, and it is the opinion 
of the Commission that where segrega- 
tion is practiced, it “lessens the quality 
of education for whites as well. To 
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maintain two school systems side by 
side . . . means that neither can be of 
the quality that would be possible if all 
the available resources were devoted 
to one system.”* [Page 34.] And 
there exists in many colleges and uni- 
versities, especially in the professional 
schools, a practice which “is a viola- 
tion of a major American principle’”— 
the quota system. Under a selective 
quota system for admission, “the chance 
to learn, and thereby to become more 
useful citizens is denied to certain mi- 
norities, partieularly to Negroes and 
Jews.” [Page 35.] 

There are dangerous consequences 
to inequalities of opportunity, for we 
need desperately every bit of trained 
intelligence we can assemble. With 
this in mind, the Commission recom- 
mends that steps be taken to provide 
high-school education for all normal 
youth; to make education through the 
fourteenth grade available in the same 
way that high-school education is now 
available; to provide financial assist- 


- ance to competent students in the tenth 


through the fourteenth grades who 
would not be able to continue their edu- 
cation without such assistance; to re- 
verse the present tendency of increas- 


3 At the end of the section entitled “To- 
ward Equalizing Opportunity,” the report 
says: “Educational programs everywhere 
should be aimed at undermining and even- 
tually eliminating the attitudes that are re- 
sponsible for discrimination and segregation 
—at creating instead attitudes that will make 
education freely available to all.” To this 
recommendation is appended a footnote which 
reads: “The following Commission members 
wish to record their dissent from the Com- 
mission’s pronouncements on ‘segregation,’ 
especially as these pronouncements are re- 
lated to education in the South. Arthur H. 
Compton, Douglas S. Freeman, Lewis W. 
Jones, Goodrich C. White. A fuller state- 
ment, indicating briefly the basis for this 
dissent, will appear in Volume II of the 
Commission’s report.” [Page 39.] 
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ing tuition and to aid deserving stu- 
dents through programs of scholarships 
and fellowships; to expand consider- 


ably our program of adult education; . 


to make public education at all levels 
equally accessible to all, without re- 
gard to race, creed, sex, or national 
origin. 

One entire chapter of the report, 
Chapter III, is devoted to the need for 
general education. Overspecialization 
has destroyed the unity of liberal educa- 
tion and the wholeness of adult person- 
ality. The civic conscience, too, has 
suffered as a consequence. The re- 
port of the Commission on this subject 
will be a deep consolation to those for- 
ward-looking American educators who 
have been distressed over the ill effects 
which a too specialized training has had 
on the transmission of our common 
cultural heritage. The Commission 
points out that the failure to provide an 
integrated view of human knowledge 
and human experience is cause for 
“grave concern,” for human beings can- 


not live rightly and well in a free so-- 


ciety without a common core of values 
and attitudes. General education 
should, therefore, ‘embrace ethical 
values, scientific generalizations, and 
aesthetic conceptions, as well as an un- 
derstanding of the purposes and char- 
acter of the political, economic and so- 
cial institutions that men have devised.” 
[Page 49.] 

The section in Chapter III dealing 
with the objectives of general education 
is a thoughtful presentation of the sub- 
ject and one which all educators will 
want to read with equal thoughtfullness. 
It says little we have not heard before 
in the various reports of university com- 
mittees on general education, but con- 
centrates the findings of current ex- 
perience in general education and gives 
weighty support to the almost universal 


agreement that mastery of specific in- 
formation will not equip a human being 
to live humanely with others or fully 
with himself. 

It is through the study and develop- 
ment of attitudes that ethical principles 
and civic responsibility become habits 
of mind. Living understandingly with 
other people, being emotionally well 
adjusted, maintaining physical and men- 
tal health, enjoying and learning from 
literature and art, acquiring skill in 
critical and constructive thinking— 
these are the benefits to the individual 
and to society that accrue from a gen- 
eral education. 

It should be remembered, however, 
that general education cannot succeed 
if emphasis is put on research in special 
fields, nor if learning is restricted to 
the classroom. In the expansion of 
learning, a new definition of scholar- 
ship and an imaginative use of extra 
classroom resources are needed. The 
new concept of education says simply 
that general education has a position 
of equal dignity and importance with 
vocational and professional education. 
This new concept means among other 
things that there exists not only an 
unwarranted degree of specialization 
at the underclass level, but that even in 
the senior college programs of cot 
centration “need to be built around a 
much wider range of intellectual and 
occupational objectives to serve a much 
larger and less selected body of st 
dents.” [Page 72.] 

Considerable attention is given ly 
the Commission to the need for it 
creasing the number and the activities 
of the community college. The com 
munity college, usually controlled ani 
supported under public auspices, should 
emphasize programs of terminal edt 
cation of a semiprofessional natuft 
“For these semiprofessional occupt 
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tions a full four years of college train- 
ing is not necessary. It is estimated 
that in many fields of work there are 
five jobs requiring two years of college 
preparation for every one that requires 
four years. Training for these more 
numerous jobs is the kind the com- 
munity college should provide.” [Page 
69.| But the semiprofessional educa- 
tion should not be narrowly technical. 
It should include a goodly amount of 
general education for personal and so- 
cial development. Moreover, in ad- 
dition to semiprofessional training, the 
community college could and should 
serve as a center of learning “for keep- 
ing intellectual curiosity alive in out- 
of-school citizens.” To this end the 
community college should become a 
center of adult education. In fact, 
concerning adult education, the Com- 
mission recommends that every col- 
lege and university become a “com- 
munity college.” The need for stimu- 
lating in adults a continued zest for 
learning is only too apparent and is the 
responsibility of our educational system. 

Of particular interest to faculties of 
engineering schools is the section in 
Chapter IV which estimates the occu- 
pational needs of the nation. Whereas 
an acute shortage of doctors and nurses 
is expected by 1960, the recent increase 
in engineering enrollment “indicates 
that the supply of engineering gradu- 
ates may exceed immediately available 
engineering positions by June 1950, or 
perhaps 1949, and that if enrollments 
continue at their present level, this 
condition might continue in later 
years.” [Page.81.] Fortunately, ac- 
cording to the Commission, engineering 
education has for some time been rec- 
ognized as having great value as gen- 
eral education. And this realization 
has resulted in a “decided trend toward 
the inclusion of more humanistic and 
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social studies in engineering curricula.” 
[Page 81.] Nevertheless, the possible 
future surplus of engineering graduates 
over immediately available engineering 
positions “emphasizes a _ continuing 
need for . . . examination and revi- 
sion of curricula by the engineering 
colleges. 


“It also emphasizes the imperative need 
of a thoroughgoing program of guidance 
and selection of prospective college stu- 
dents, especially prospective engineering 
students, so that they may understand the 
requirements of the profession, the em- 
ployment opportunities in it, and the pos- 
sibilities of utilizing an engineering edu- 
cation as general education for citizenship 
and a greater variety of occupational out- 
lets.” [Page 81.] 


For the most part, the later pages of 
the Commission’s report are given over 
to an examination of the graduate 
school. What the Commission says 
here is of first importance; for many 
educators have long suspected that 
“graduate education is in need of thor- 
ough revision.” The report presents 
interesting statistics. The total gradu- 
ate student body has grown from 5,800 
in 1900 to 106,073 in 1940, and the num- 
ber of Ph.D.’s awarded annually has 
risen from 342 in 1900 to 3,787 in 1947, 
an over-all increase of about 1,000 per 
cent. [Page 86.] Moreover, it has 
been discovered that less than a third 
of the holders of Ph.D. degrees are pri- 
marily engaged in research in govern- 
ment and industry. It is therefore the 
opinion of the Commission that gradu- 
ate programs should not be confined to 
training in proficiency in research. 
For the fact is that “graduate schools 
today are engaged primarily in training 
undergraduate teachers.” [Page 87.] 
Here, therefore, lies a striking incon- 
sistency and severe evidence of cul- 
tural lag. For it is in the preparation 
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of college teachers, says the report, that 
the graduate-school program is seri- 
ously inadequate. The Commission in- 


vites a new definition of scholarship . 


which shall “include interpretive ability 
as well as research ability, skill in syn- 
thesis as well as in analysis, achieve- 
ment in teaching as well as in investi- 
gation.” [Page 91.] As for research 
programs in the graduate schools, it 
would be courting disaster to neglect 
research in the social sciences, and a 
large measure of our financial and hu- 
man resources should be devoted to 
the social sciences. As for research in 
the natural sciences, the report recom- 
mends that such research be committed 
largely to the care of the universities. 
In turn, the universities should concérn 
themselves more with basic research 
and less with applied science, for in the 
long run industry is better equipped, 
and in a sense better qualified, to carry 
on the application of the scientific find- 
ings of basic research. However, the 
report recognizes that if university 
research is to be concentrated on basic 


“HIGHER EDUCATION FOR AMERICAN DEMOCRACY” 





investigations, “financial assistance in 
substantial amounts must be provided, 
Vastly increased public appropriations, 
both State and Federal, are a neces- 
sity.” [Page 94.] 

At the conclusion of the Commis. 


sion’s report is a short section on “The | 


Social Role of Higher Education.” 
American colleges and _ universities 
must envision a much larger role for 
higher education in the national life, 


They can no longer consider themselves © 


merely the “instrument for producing 
an intellectual elite; they must become 
the means by which every citizen, youth, 
and adult is enabled and encouraged to 
carry his education, formal and in 
formal, as far as his native capacities 
permit.” [Page 101.] And this ina 
serious way is the Commission’s final 
word. The strength of a democracy 
is measured in terms of the universality 
of the education of the people ; the very 
lifeblood of democracy is the skill and 
knowledge necessary for reconciling 


the differing opinions and interests of 
educa 
§ schoo 


the people. 
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Relative Values in European and American 
Systems of Engineering Education* 


By L. E. GRINTER 


Research Professor of Civil Engineering and Mechanics, Illinois Institute 
of Technology, Chicago, Illinois 


It may appear strange for an Amer- 
ican who has never studied in a Euro- 
pean university to attempt to compare 
the results of engineering educational 
procedures used on the two continents. 
However, American engineering edu- 
cators have had an unusual opportunity 
during the decade of the dictators to 
observe the strengths and the weak- 
nesses of European educational meth- 
ods through the medium of those stu- 
dents who have come to the United 
States to complete their undergraduate 


schools. We therefore may be able to 
offer a critical comparison of the 
relative values of these two systems 
of engineering education. European 
teachers have had an even better op- 
portunity to observe American teach- 
ing methods by their appointments as 
It becomes 
clearer each year that their criticisms 
and suggestions have gradually been 
reshaping the American pattern of 
higher education. Such interchange 


| of ideas and of criticism always re- 
| sults in improvements. 


*This article was prepared for presenta- 


| tion at the International Congress for Engi- 


neering Education at Darmstadt, Germany, 


| by invitation from the Rector of the Tech- 


nische Hochschule Darmstadt, Professor Dr. 
Richard Vieweg. 
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In the limited field of engineering 
education it is perhaps safe to compare 
European and American educational 
objectives without considering the 
many variations that exist in the two 
hundred institutions involved. It 
seems fair to say that European pro- 
cedures at the university level have 
had as an objective the education of 
exceptional students. It also seems 
fair to say that American universities 
have directed their principal attention 
toward the average student. The re- 
sult is that Europe has hand polished 
a limited number or, in fact, a small 
number of engineering scientists while 
America has mass produced a large 
number of practical engineers. For- 
tunately, both continents have had 
some schools which countered the basic 
trend, but the emphasis has been as 
indicated. 

It is only necessary to note that 
about 225,000 baccalaureate students 
were enrolled in the engineering col- 
leges of the United States in the fall 
of 1946, while perhaps no more than 
5000 were similarly enrolled in Eng- 
land, to understand the results of this 
great difference in educational philos- 
ophy. It is also possible to evaluate 
the results in terms of differences in 
industrial production. The older con- 
tinent has surpassed in fine workman- 
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ship; the newer in volume production. 
We now realize that America has de- 
pended to an unwise extent upon sci- 
entific ideas from Europe while Europe 
has with equal lack of vision been 
slow to accept the American invention 
of mass production. Each must adopt 
certain features of the educational plan 
of the other if each is to progress as 
it should. 

In the United States there is great 
need for deeper educational opportuni- 
ties for exceptional engineering stu- 
dents. The principal weakness of our 
educational program in the universi- 
ties stems from the philosophy of mass 
education at the high school level. 
Since public education must consider 
the average student rather than the 
exceptional student, our university sys- 
tem of education has naturally granted 
opportunities to the resulting large 
numbers of high school graduates. 
Such numbers preclude the possibility 
of special attention to the unique edu- 
cational problems of the exceptional 
student. It remains for those colleges 
of engineering under private control 
to lead the way in providing excep- 
tional students with a more scientific 
education in the engineering field lead- 
ing to a career in research and the 
scientific phases of design or in teach- 
ing. We have the graduate schools 
where such studies may be conducted 
at the post-graduate level, but it is 
equally important that there be early 
stimulation of the gifted student in his 
undergraduate program. It is self- 
evident that our present group of 225,- 
000 engineering students cannot all be 
profitably trained for the more scien- 
tific accomplishments. Hence two 
paths of engineering education will be 
required in place of the single path or 
curriculum that exists in America 
today. 


EUROPEAN AND AMERICAN ENGINEERING EDUCATION 





In Europe students have alway 
been treated as mature individuals 
who were expected to understand the 
necessity for unguided study. Excep 


tional students react favorably to such? 


instruction, but more direct guidance 
is necessary for students of average 
ability. We know this to be true be 
cause European teachers in Americ 


have been somewhat unsuccessful dur. * 


ing their first years of teaching in ob 
taining good results with American 
students. After a period of experienc 
in an American university the Euro 
pean teacher learns to assign problems 
to be turned in for grading and other- 
wise to set tasks which those students 
who are not exceptional will perform 
as essential to an understanding of the 
subject matter of the course. 

If Europe is to reconstruct itsel 
and rebuild its leadership of the past 
it will be forced to train engineers in 
much larger numbers than heretofore. 
The scientific developments of the war 
years and those that are now reaching 
the production stage in industry te 
quire large nttmbers of scientists, et- 
gineers and technicians for construe 
tion, production and maintenance it 
addition to those needed for researth 
and design. We realize that Europ 
has not depended upon schools of et: 
gineering for all of its technical per 
sonnel. Fortunately there have beet 
more and better technician trainin 
schools in Europe than in America 
also, apprenticeship training has bee 
effective. However, there are jobs foi 
a much larger number of real eng: 
neers than can ever be supplied from 
the limited number of young men (ati 
women) who are in the exception 
group. 
technicians trained in a two-year 
three-year period can serve as an ade 
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shortened periods of training during 
the war years does not recommend 
that procedure as universal. In our 
opinion in America a rather large 
number of young men of only average 
ability (for university students) are 
needed with full four-year engineering 
training. It will apparently require 
considerable change in the program of 
European higher education before this 
need can be fulfilled. 

As a contribution to the usefulness 
of young engineers who are expected 
to hold positions in construction, pro- 
duction, operation and maintenance 
rather than research and the higher 
phases of design, European institu- 
tions will need to place greater empha- 
sis upon laboratory and practical de- 
sign courses. We have observed that 
European students who come to Amer- 
ica are commonly proficient in the use 
of mathematics but deficient in skill in 
the handling of laboratory equipment. 
If this interest in the theoretical side 
of engineering education is as common 
in those students who remain in Eu- 
rope as in those who have migrated 
to America, it is clear that there must 
be dark bands in the spectrum of 
European education corresponding to 
the fields of laboratory and pilot plant 
experimentation and practical design 
studies. It will therefore be necessary 
to expand laboratory facilities and, of 
course, to modernize all educational 
laboratories in step with recent tech- 
nological advances. However, much 
equipment in American institutions is 
far from modern but when revised to 
demonstrate modern usages it remains 
serviceable. 

The writer’s visit to European edu- 
cational institutions in 1946 confirmed 
the natural assumption that European 
education like American education is 


EUROPEAN AND AMERICAN ENGINEERING EDUCATION Ve 


due to undergo major changes in the 
reconstruction period. Everywhere 
our youth are demanding the oppor- 
tunity of higher education, and nothing 
is more certain than that youth in this 
regard will have to be served. In 
England the question of whether Cam- 
bridge and Oxford Universities should 
accept larger numbers of students was 
reaching the stage of national discus- 
sion in the summer of 1946. The mere 
fact that the matter was on the front 
page of London newspapers for several 
days is an indication that the issue was 
considered no minor one. 

It is at least fortunate that the de- 
mand of youth for a university educa- 
tion in the technical field coincides 
with the cry of industry for more and 
more engineers. Perhaps we shall 
prove again the experience of past 
decades that more engineers always 
produce more jobs for engineers. Is 
it not possible that the number of 
persons of engineering training that 
can be used economically by industry 
may eventually reach or perhaps ex- 
ceed the number of persons whose 
interests and abilities make them 
proper recipients of education in this 
field. 

It has seemed clear for some years 
that we are never likely to stimulate 
as many persons to surmount the dif- 
ficulties involved in achieving the level 
of the doctorate in engineering as in- 
dustry and education would desire. 
Perhaps we shall find that the same 
situation exists at the level of the first 
baccalaureate degree in the engineer- 
ing field. It would be comforting to 
know that our visions of overproduc- 
tion of engineers were merely phan- 
toms. At least in Europe there can 
be no probability of overproduction 
of engineers until reconstruction and 
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the natural expansion occasioned by 
adoption of new technical ideas has 
reached its peak a decade from now. 


If national economics can match tech-. 


nical accomplishments, no waning of 
industrial activity need occur. When 
we consider the engineering aptitudes 


Chemical Engineering Summer School—University| 


EUROPEAN AND AMERICAN ENGINEERING EDUCATION 


of mathematical ability, visual per. 
spective, a practical sense of values 
and capacity for making decisions, it 
seems clear that the world as a whok 
is not likely soon to be over-supplied 
with engineering leaders, nor perhaps 
with followers either. 


of Wisconsin 


The CHEMICAL ENGINEERING Di1vI- 
sIoNn of the A.S.E.E. will hold a sum- 
mer school for teachers of chemical 
engineering at the University of Wis- 
consin, Sunday, August 29, 1948 (ar- 
rival date) to Saturday noon, Septem- 
ber 4, 1948 (departure date). 

The general theme of the meeting 
will be ““What Should We Teach and 
How Can We Teach It?” Sessions 
will be devoted to Unit Processes, Re- 
port Writing, Thermodynamics, Ap- 
plied Electrochemistry, Mathematics in 
Chemical Engineering, Chemical Re- 
action Kinetics, Instrumentation, The 
Graduate Program in Chemical En- 
gineering, Teacher Qualifications and 
Development, the Newer Unit Opera- 
tions, Plastics Technology, Laboratory 
Instruction in Chemical Engineering. 

The technical sessions will operate 
8:30 to Noon and 1:30-3 P.M. This 
will allow an excellent opportunity for 
all to engage in recreational activities. 


Facilities are available for soft ball 
tennis, golf, boating, fishing, hiking 
etc. A summer school picnic anda 


banquet with S. D. Kirkpatrick, Editor} 


of Chemical Engineering, as the prin- 
cipal speaker have been arranged. 

Lake-front housing at the dormitories 
has been obtained. Room and board 
rates are such that it is possible for 
families to spend the week in Madison 
at modest cost. 


Detailed programs and announce § 


ments for the Summer School are being 
mailed to 550 full time teachers of 
chemical engineering. Anyone not re 
ceiving such a program may secure ont 
by addressing R. A. Ragatz, Chemical 
Engineering Building, University 
Wisconsin, Madison, Wisconsin. At 
tendance is not restricted to members 
of ASEE, nor is attendance restricted 
to members of the teaching profession 
Anyone interested in chemical engi 


neering education is welcome to attend 
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Growth of the Humanistic Stem 


By PAUL FATOUT 


Department of English, Purdue University 


What has been labeled the “Hu- 
manistic-Social Stem” of Engineering 
Education is of late growth following 
years of germination that began at 
least as far back as the earliest days of 
the ASEE (then SPEE). The story 
of the dark ages before that is buried 
in mystery and the dust of ancient 
catalogues. When the Society’s Jour- 
NAL came into being almost forty years 
ago as a sounding board for academic 
notions, unorthodox murmurings faintly 
suggested more liberal engineering edu- 
cation. Musty delving dredges up 
such sporadic comments as that of a 
Dean of Applied Science who in 1914 
recommended for engineering students : 


thorough drill in the . . . mother tongue, 
enough .. . foreign language so that the 
graduate can use it with reasonable facil- 
ity, actual American and foreign govern- 
ment, honest business methods and the 
holy principles of friendship, morality, 
and brotherly love; all these to the end 
that the graduate may plan wisely, build 
well and be able to distinguish between 
legitimate profit’ and gross imposition.* 


However, such advanced thinking was 
rare in 1914, 

In 1918 a Joint Committee on En- 
gineering Education, recognizing the 
need of humanistic studies, cited Pro- 
fessor Aydelotte’s liberal curriculum 


1 William G. Raymond. “Four vs. Five 


Years for the Engineering Course,” JouRNAL 
or ENGINEERING EpucatTion, May, 1914. 


715 


at M. I. T. The committee report, 
minus specific recommendations, could 
readily be accepted with that comfort- 
able reservation “in principle,” yet al- 
low everybody to jog along about as 
usual. No evidence indicates any wide- 
spread overhauling of engineering pro- 
grams at that time. 

The middle twenties blew up a sud- 
den bustle over written English, on 
which engineering brethren are sub- 
stantially in agreement with English 
departments. Engineers seem unani- 
mously in favor of composition, though 
they were then—and doubtless still are 
—divided on familiar and trivial is- 
sues: i.e., composition courses designed 
for engineers vs. general courses ; Eng- 
lish instructors trained in engineering 
vs. English instructors trained in Eng- 
lish. The record yields much enter- 
taining folklore about that custom-built 
mechanism, the engineering student, 
and that engaging but elusive entity, 
“the engineering mind,” supposed to 
require some precious nourishment 
more carefully strained than the intel- 
lectual food good enough for other 
brains. These matters, thoroughly 
aired in the nineteen twenties, - are 
more or less still with us, and echoes 
rebound from time to time. At any 
rate, some form of written English has 
so long been an undisputed part of 
the engineer’s curriculum that it need 
not be discussed, especially since ele- 


mentary composition is not considered 
a legitimate off-shoot of the human- 
istic stem. 

In the 1930’s the stem made con- 


siderable growth in theory and some 


in fact. More liberal education for 
engineers was advocated by Dr. Karl 
Compton, W. E. Wickenden, and other 
distinguished technologists more fre- 
quently and more articulately than be- 
fore. They argued for the humanities 
as aids to the development of the whole 
man, who should be oriented not only 
to technology, but also to society at 
large. In the 1930’s the JouRNAL 
gave increasing space to that thesis in 
numerous expositions of the view that 
the engineer is not merely a technolo- 
gist but a human being in a complex 
world, where not all problems yield to 
formula and slide rule. 

That was an important discovery, 
significant in that it was made by the 
engineering profession. Leaders in 
the campaign to humanize engineering 
education were themselves engineers, 
who freely pointed out the woeful ig- 
norance of technical graduates com- 
pared to those of other professions, 
and who implied that a one-sided tech- 
nologist is an inadequate person— 
similar, no doubt, to the most narrow 
and desiccated Ph.D. in English. One 
practical result of the growing rumpus 
was the establishment, about 1938, of 
the Carnegie Social Relations Pro- 
gram, of which more later. 

Thus some twenty-five years or more 
of painful soul-searching preceded the 
report, in 1940, of Dean Hammond’s 
Committee on Aims and Scope of En- 
gineering Education. More thorough 
and specific than any previous effort, 
that report is the basis for subsequent 
revision of engineering programs; it is 
the lever that has pried loose a good 
many academic crustaceans, who may 
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have let go reluctantly, but who hay 
nevertheless let go. The committee 
stood on a platform of “science, of 
humanities, and of social relationships 
rather than on the practical techniques 
of particular occupations or indus. 
tries,” stressed “the parallel develop. 
ment of the scientific-technological and 
the humanistic-social sequences,” and 
favored “an integrated program of 
study extending through the entire un. 
dergraduate period.” ? For humanistic 
studies it laid down a six-point pro 
gram of objectives, surely now sufi- 
ciently well known not to require repe- 
tition here. The committee als 
pointed out that a goodly proportion 
of engineering students never become 
engineers in the best sense, and that 
the minority of true professionals 
should take five years or more of study 
instead of the usual four. Such com 
prehensive and revolutionary proposals 
were not received without rumblings 
of dissent; nevertheless the report was 
accepted at the annual meeting of the 
SPEE in June, 1940. 

Endorsing a report is not too diff 
cult; putting it into action is much 
tougher. Have those thoughtful ree 
ommendations remained merely at- 
other assortment of pious hopes, or 
have they caused any actual shaking 
up of engineering education? Briefly, 
the surprising answer is that appar 
ently they have shaken. Not enough 
to loosen anybody’s teeth, yet seism¢e 
graphic tremors have undeniably rip 
pled through the granite of curricula 
strata. 

The evidence, still blurry and not 
all in, may not be clear or complete fot 
some time, as some schools, Purdie 


2“Report of a Committee on Aims aml 
Scope of Engineering Curricula,” Journal 


oF ENGINEERING Epucation, Vol. 30, No.ifP 


March, 1940. 














for & 
a cha 
to life 


some 
much 
wear 
ruple' 
all er 
eager 
mond 
our « 
and | 
after 
screa: 
man, 
not t 
nical 
histo1 
angul 
Henc 
ally f 
such 
tion, 
nance 
Bilge 
neeri 
need 
in the 

W 
speec 
ized | 
mani: 
down 
gency} 
dicat: 
accor 
in 19 
norm 
disco 
he pe 
recei 
ten | 
reorg 
wide: 
ing | 
addir 
other 





- who have 
committee 
science, of 
‘lationships 
techniques 
or indus. 
21 develop- 
logical and 
nces,” and 
rogram of 
entire un- 
humanistic 
point pro- 
now suff. 
quire repe- 
ittee also 
proportion 
er become 
, and that 
ofessionals 
re of study 
Such com- 
y proposals 
rumblings 
report was 
‘ing of the 


t too diff- 
1 is much 
rhtful ree: 
lerely att 
hopes, of 
al shaking 
? Briefly, 
lat appar 
ot enough 
et seismoe 
liably rip 
curriculat 


y and not 
mplete for 
s, Purdue 


Aims ani 
,” JouRNAL 


|. 30, No.1. 








for example, are only now weathering 
achange. The signs are that bringing 
to life a new plan, though agreeable to 
some people, produces in others as 
much wrenching and groaning and 
wear and tear as the birth of quad- 
ruplets. No one need suppose that 
all engineering faculties promptly and 
eagerly scrambled aboard the Ham- 
mond Committee’s platform. Some of 
our colleagues continue to ignore it, 
and some, I fear, are up there only 
after being hauled aboard kicking and 
screaming. Being academic and hu- 
man, an engineering administrator may 
not be happy over giving up a tech- 
nical course in favor of literature or 
history or sociology; sometimes his 
anguished howls are all but audible. 
Hence evolution is slow, and occasion- 
ally hedged with shenanigans by which 
such courses as elementary composi- 
tion, cost accounting, and naval ord- 
nance are slipped in to prove that old 
Bilgewater U. has liberalized its engi- 
neering curriculum. Yet none of that 
need upset anybody, or damp his faith 
in the possibility of change. 

When the war brought academic 
speedups and concentration on special- 
ized technology, the growth of the hu- 
manistic stem was for a time slowed 
down, if not stopped; however, emer- 
gency measures seemed clearly not in- 
dicative of permanent policy. In fact, 
according to a survey by E. S. Burdell 
in 1943, some institutions retained their 
normal curricula during the war. To 
discover the effects of the 1940 report, 
he polled 75 engineering colleges, and 
received replies from 39. Of these, 
ten implied positive effect shown by 
reorganizing the humanistic program, 
widening choice of electives, increas- 
ing hours of freshman English, and 
adding courses in the humanities. Six 
others replied that as liberal programs 
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were already in operation there, the 
Hammond report served as endorse- 
ment of their curricula. Hence six- 
teen institutions, or about one-eighth 
of all the engineering colleges in the 
United States, reported being favor- 
ably affected.* A small minority, yet, 
allowing for the usual wishful think- 
ing in filling out questionnaires, not 
too bad a percentage. 

In 1944 another SPEE committee, 
again headed by Dean Hammond, sub- 
mitted a report on Engineering Educa- 
tion After the War. Reviewing and 
reaffirming the 1940 report, the com- 
mittee elaborated upon it by recom- 
mending a designated sequence of hu- 
manistic-social courses through the 
four undergraduate years, requiring 
approximately 20 per cent of the stu- 
dent’s time. Specific subjects men- 
tioned were history, economics, gov- 
ernment, literature, philosophy, psy- 
chology, and fine arts. Underlining a 
strong restatement of the liberal plat- 
form, W. E. Wickenden said: 


. it is now time to put up or shut up 
—to give the humanities and social stud- 
ies the time, the leadership, the man- 
power, the content and the financial sup- 
port that will put them on a level in 
prestige and excellence with our scien- 
tific disciplines.* 


Since then the JourNAL has briskly 
plugged the subject of the humanities 
for engineers in many articles, mostly 
in favor, though not unanimously. As 
recently as March, 1946, S. F. Borg, 


3E, S. Burdell. “The Humanistic-Social 
Studies in Engineering Education, Factors 
and Influences at Work,” JouRNAL oF EN- 
GINEERING EpucatTIon, Vol. 33, No. 10, June, 
1943. 

4“Report of the Committee on Engineer- 
ing Education After the War,” JouRNAL OF 
ENGINEERING EpucaTion, Vol. 35, No. 1, 
September, 1944, 
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of the Naval Academy, strongly advo- 
cated engineering courses only, main- 
taining that the student interested in 
the humanities will seek them anyway, 
either in college or later on. Perhaps 
that view has a good many ardent, if 
silent, supporters. 

How, then, do matters stand now? 
The most recent survey was reported 
in December, 1946, by Lisle A. Rose, 
who found that proportion of humanis- 
tic-social courses in the engineering 
curricula of 100 institutions ranged 
from zero in two schools to 20 per cent 
or more in 13, the bulk (51) report- 
ing 10 to 20 per cent.> Proportion is 
of itself, however, not too important. 
One may agree with Messrs. Boarts 
and Hodges (January, 1946), who di- 
late upon the mystic number 20, and 
remark that borderline courses are oc- 
casionally included to boost the per- 
centage toward that sanctified figure. 
They say sensibly: 


There is no magic in any predetermined 
allotment of time for the humanistic- 
social activity. The objectives set by 
each school and the means available will 
dictate inexorably what is needed to 
achieve the program sought. . . .® 


At the present time the best inte- 
grated humanistic programs appear to 
be those of M. I. T., Carnegie, Cooper 
Union, Case, and California Tech. In 
all five the undergraduate takes at least 
one humanities course every term, the 
first year in each being given over to 


5 Lisle A. Rose. “Summary of Informa- 
tion Concerning Humanistic-Social Courses 
in Engineering Colleges,” JourNnaL or En- 
GINEERING EpucaTIon, Vol. 37, No. 4, De- 
cember, 1946. 

6 Robert M. Boarts and John C. Hodges, 
“The Characteristics of the Humanistic- 
Social Studies in Engineering Education,” 
JouRNAL OF ENGINEERING EpucaTIon, Vol. 
36, No. 5, January, 1946. 
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English composition. Thereafter, y 
M. I. T., for example, the studen 
takes in the second year the U. §. iy 
World History; the third year eq. 
nomic principles the first term, a choic 
of psychology, labor relations, and jn. 
dustrial economics the second; th 
fourth year one of four options: His. 
tory of Science and Thought, Fin 
Arts, Introduction to Literature, anif 
Industrial Relations. 

California puts less stress on eco. 
nomics, more on history and literature 
The fourth year student is offered; 
wide choice of electives, some eighteer 
courses: Philosophy, Ethics, Sociology, 
Psychology, as well as various kinds o 
history and literature—the most exten 
sive array of liberal courses offered by 
any engineering college in this cou- 
try. Possibly only in golden Cal- 
fornia, where everything is lush, couli 
a technical institution maintain th) 
necessary staff. The program is no} 
bluff either ; it is administered by qual 
fied authorities drawn from such cer-§ 
ters of scholarship as the Huntington) 
Library. 

The Carnegie Social Relations Pro 
gram is a closely articulated curric 
lum based, according to its Director 
on the premise that 



















professional education for engineers 
should develop awareness of problems 0! 
social relations . . . the capacity of ott 
lining and analyzing such problems with 
more than usual clarity of insight, anl 
. the ability to propose objective 
rational solutions to such problems.’ 


Hence social content with technolog: 
cal implications is apparent in suc 
courses as Origins and Development) 
of the Technological Age, Economity 

7Glen U. Cleeton, “The Carnegie Soci” 
Relations Program,” JourNAL oF ENG) 
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Analysis of Social Problems, and so on. 
At Cooper Union the emphasis is also 
upon social studies in courses like 
History of Man, and Social Philoso- 
phy. The Case curriculum is the most 
conventional of the five: writing and 
speaking, Types of Literature, Techni- 
cal Exposition, and in the fourth year 
two electives chosen from ten courses 
concerning literature, economics, gov- 
ernment, and public speaking. 

Since the curricula of these five in- 
stitutions range from the elaboration 
of California Tech to the comparative 
simplicity of Case, they show what any 
college can do, if it wants to, with the 
means available. At Purdue a new 
plan was launched in the fall of 1946, 
following recommendations of a Com- 
mittee on Non-Technical Electives— 
five engineers, one psychologist, one 
economist, and one English instructor 
—which proposed that “hours allo- 
cated to non-technical courses in each 
of the various engineering curricula be 
thirty where and when possible and 
not less than twenty-four.” 

Of the minimum, twelve were al- 
ready in the schedule: six in composi- 
tion, three in speech, and three in litera- 
ture. The additional twelve are ac- 
counted for by one course each in his- 
tory, government, economics, and a 
new course in psychology tailor made 
for engineers. To bring his total to 
thirty, a student may elect freely, sub- 
ject to his head’s approval. However, 
the committee recommended that “Na- 
val Science and Tactics, Advanced 
ROTC Mathematics, Physics, 
Chemistry, etc... . not... be con- 
sidered as nontechnical courses since 
they do not satisfy the objectives of 
this program.” 

A typical four-year schedule might 

Ist semester, composition; 2d, 
speech; 3d, a choice of Modern Fic- 
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tion, Drama, Essay, Great Books, and 
English Literature; 4th, composition ; 
5th, Economics; 6th, either U. S. or 
European History; 7th, National Gov- 
ernment or World Politics; 8th, Psy- 
chology. As no plan is ever so simple 
in operation as it looks on paper, this 
one has bugs in it. Although allowing 
choice among “required electives,” it 
is not well integrated, the committee 
recommending only that “Non-techni- 
cal courses be distributed as uniformly 
as possible throughout the eight se- 
mesters.” Schedules are so tight that 
only the civil and mechanical engineers 
have so far provided for the maximum 
of thirty hours, both by the handsome 
gesture of dropping some hours of tech- 
nical requirements. Nevertheless, all 
schools have agreed to twenty-four, a 
commendable number. The system has 
not been born without storm and stress, 
and if credits in chemistry, ROTC, and 
Naval Science are totted up as non- 
technical electives, no one need be 
surprised ; however, the important fact 
is that a change has occurred. 

Thus convincing evidence proves that 
engineering curricula have undergone 
much face-lifting during the past ten 
years. Whether attitudes have also 
changed is less certain. To assume a 
universal metamorphosis of the tech- 
nological spirit is probably unwise. 
Among engineers the lineup is perhaps 
about the same: at one end enthusiastic 
support for the humanities, at the other 
a formidable bloc prepared to resist 
till hell freezes hard enough to defy an 
atom bomb. However, since human 
beings can be conditioned to almost any- 
thing, a new generation of students and 
professors may accept willingly what 
now seems painful to some. Such ac- 
ceptance may not bring the millennium. 
Yet on the side of the humanities is 
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the plausible argument that almost one 
hundred years of intensifying concen- 
tration on and faith in technology alone 


have somehow not brought the millen-_ 


nium either. 

As a substitute we have a perfection 
of techniques, a multiplicity of things, 
and a naive belief that the world is 
prey to no ills that cannot be cured 
by bigger and better cars and planes, 
more miles of concrete, more radios, 
gadgets, nervous breakdowns, and 
heart failures. That belief has been 
gathering power ever since the mid- 
Victorians rhapsodized over the steam 
engine as the harbinger of the Good 
Life. To date, the end product of this 
philosophy is a state of disorder that 
leaves the reflective observer numb. 
The thoughtful may conclude that tech- 
niques and things are not enough, that 
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no one group knows all the answers— 
no, not the engineers, the chemists, the 
physicists, or the English professors— 
and that applied science does not of it- 
self lead to salvation. D. H. Lawrence 
remarks upon “the non-vital universe 
of forces and mechanistic order,” lead- 
ing to “the long slow death of the hu- 
man being.” Apparently some tech- 


nologists are uneasily aware of a grain F 


of truth in that shocking heresy. That 
the humanities might rediscover the hu. 
man being, and assist in curing the ills 
of the world is not certain, though pos- 
sible. The least one can say is that 
they could scarcely do worse; they 
might contribute some useful observa- 
tions—if technologists, chemists, phil- 
osophers, historians, and other thinkers 
were smart enough to pool their think- 


ing. 


Sections 


The spring meeting of the Missouri 
Section of the American Society for 
Engineering Education was held at 
Columbia, Missouri, on April 10, 1948, 
with the University of Missouri as 
host. At the morning meeting, S. H. 
Van Wambeck of Washington Uni- 
versity presided. The program in- 
cluded Harry A. Curtis, Dean of the 
University of Missouri, Curtis L. Wil- 
son, Dean of the Missouri School of 
Mines and Metallurgy, A. S. Langs- 
dorf, Dean of Washington University 
and L. E. Stout of Washington Uni- 
versity. A short business meeting fol- 
lowed, and the remainder of the morn- 
ing was occupied by an _ informal 
discussion on curriculum content. 
Particular reference was paid during 
this discussion to the courses in phys- 


ics and mathematics taken by engi- | 


neering students. 

The afternoon program consisted of 
group conferences by the divisions of 
Chemical, Civil, Electrical, and Me 
chanical Engineering, as well as Engi- 
neering Drawing, Humanities and 
English, Mathematics, and Physics. 

At the evening dinner meeting, 
George E. Mylonas of Washington 
University presented an _ interesting 
and informative talk on ‘The Balkans. 

New officers were elected as follows: 

Chairman, Curtis L. Wilson, Dean, 


Missouri School of Mines and 


Metallurgy. 


Vice-chairman, Ralph L. Scorah, 


University of Missouri. 


Secretary, John W. Hubler, Wash 


ington University. 
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Building an Enduring Civilization 


By CARL A. NORMAN 


Professor of Machine Design, The Ohio State University 


This paper is intended as an at- 
tempt to apply engineering thinking 
to the greatest of all human problems: 
The building of an enduring civiliza- 
tion. It begins with an examination 
of the ability of technology, science, 
philosophy, art and literature to give 
endurance strength to a civilization, 
and arrives at a negative attitude. If 
there is anything that gives spiritual 
vigor and survival power to a human 
group it appears to be a simple and 
fully accepted religion. At least, such 
religion, or religiosity, has been char- 
acteristic of human groups, or move- 
ments, which infused new life into 
disintegrating civilizations. 

The rise of this nation was closely 
connected with a wave of such spiritual 
invigoration ; and there is every reason 
to try to maintain among our people 
the faith that actuated the founding 
fathers and many of our great leaders 
since. 

Ever since the first world war there 
has been a growing realization among 
engineers that their work could be as 
easily destructive as constructive, and 
that technical skill unconnected with 
human understanding and wisdom 
might be a blind and dangerous force. 

From 1923 to 1929 The Society for 
the Promotion of Engineering Educa- 
tion, now the American Society for En- 
gineering Education, under the direc- 
tion of Dr. W. E. Wickenden, con- 
ducted a critical survey of technical 
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education here and abroad. Following 
this survey the demand for a humaniza- 
tion of engineering training grew more 
insistent and a number of engineering 
schools have now introduced curricula 
extending into the non-technical field. 

Hardly had this occurred, however, 
before studies of modern higher edu- 
cation at Harvard, Chicago, and other 
universities began to cast some doubt 
on the quality and human worth also 
of so-called humanistic education at 
the present time. It was emphasized 
by President H. S. Rogers of the 
Brooklyn Polytechnic Institute and 
others that, unless such education was 
fused into a philosophy of life and a 
dominant worthwhile purpose, it was 
of questionable social and general hu- 
man value. Dean A. A. Potter of 
Purdue University pointed out that 
some of the most dastardly leaders of 
the Nazis, preeminently Goebbels, were 
men of advanced and comprehensive 
humanistic education. 

From the engineering point of view 
the question to be settled seems to be 
this: What factors have been impor- 
tant in sound human development and 
civilization? Hence, what elements 
in human character and education must 
we try to develop in order that the 
race may endure and progress? 

Wherever we look in the ruins and 
records of the past we never find that 
even great technical and scientific 
achievement saved civilizations and 
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nations from collapse and disappear- 
ance. This holds true at the Angkor 
Vat in Cambodia as much as it does 


at Babylon, Nineveh, and Persepolis, 


Baalbek, and on through Greece or 
Rome clear across the Atlantic to the 
Maya ruins in Yucatan. 

Around the year one the Roman 
writer Vitruvius, in his book on archi- 
tecture, gave as complete a list as he 
could of technical achievements and 
contrivances of his day. It is an as- 
tonishing array, most impressive. Up 
to that time, or but little later, there 
had appeared such shining geniuses in 
science and engineering as Euclid, 
Archimedes, Hero Alexandrinus, and 
Ptolemy, together with the great build- 
ers of temples and palaces, fortresses, 
siege engines and aqueducts. There 
seemed to be enough accumulated 
achievement and originating genius to 
march the world straight into an era 
of dazzling mechanical and structural 
civilization. Instead of that the Graeco- 
Roman world moved down into the 
abyss. 

But if technical achievement does 
not save civilizations, neither does 
philosophy, nor art, seem to do so. 
The great Greek philosophers Socrates, 
Plato, and Aristotle appear as their 
world has passed the zenith of its 
power, and they cannot stop the de- 
cline. Increasingly philosophy rec- 
ognizes its impotence. It moves into 
stoicism, a philosophy of fatalism and 
resignation ; into epicureanism, a phil- 
osophy of rationed pleasure seeking in 
a chaotic world; into cynicism and 
skepticism, distrust of all human in- 
tellectual endeavor. When a stoic 
philosopher, Marcus Aurelius, reaches 
the imperial purple, this is not the be- 
ginning of an era of wellbeing and 
greatness. It is the end. 

The same sort of picture is pre- 
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sented by Greek and Hellenistic art and 
drama. The period during which the 
Greeks hurled back the Persians and 
established their political greatness was 
a period of archaic and naive art, 
mostly of a religious character. - The 
Periclean period of greatest political 
power coincides with the art of Phid- 
ias, still religious in character and most 
impressive. Even greater technica 
perfection is however perhaps reached 
in Praxiteles and Scopas; but their 
art is perfectly humanized, beautiful, 
but not inspirational. This develop- 
ment comes during the decline. Hv 
man movement and passion are shown 
with perfection even after Greece has 
lost its independence; but now even 
beauty is often lacking. Caricature ap 
pears. 

And as art develops so does dram 
and poetry. From the naive and con- 
crete religious imagery of Homer we 
come to Aeschylus, the stern drama 
tist of religion; to Sophocles, humar-f 
izing, but at the same time beautifying 
the religious personalities; to Euripi{ 
des, interested merely in human dest 
nies and passions; finally to Aristoph- 
anes, simply ridiculing the foibles ani 
weaknesses of his age. 

Match this development with the po 
litical events: Aeschylus, fighter in the 
great battles that hurled back the 
Persians and lifted Greece to indeper 
dence and greatness ; Sophocles, a cele 
brant of the final victory and the great- 
ness that ensued; Euripides and Aris 
tophanes working during the decline 
and hardly doing anything to stop it} 
The sculptural series is an exact paral 
lel. 

It is hard to escape the conclusial 
voiced by Professor C. N. Cochrane a) 
the University of Toronto: That tht 
Greek and Graeco-Roman decline way 
fundamentally caused by a spiritual ani 
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moral disintegration.* A naive and 
strong religiosity characterized the 
people that fought their way into 
power. Decline set in, political as well 
as economic, as this spiritual vigor 
petered out. 

If this were a development character- 
izing only the Graeco-Roman civiliza- 
tion, we should hesitate to apply it to 
other conditions. -It seems, however, 
to be the historical trend among prac- 
cally all the civilizations which con- 
tributed to the rise of ours. That emi- 
nent orientalist, Dr. James Henry 
Breasted, Director of the Oriental In- 
stitute of the University of Chicago, 
has written a most authoritative “His- 
tory of Ancient Times.” He depicts 
the course of the history of those Se- 
mitic nations that rose to greatness in the 
Mesopotamian Valley—the Babyloni- 
ans, the Assyrians, the Chaldeans—as 
a reiterated irruption into the valley of 
desert tribes with a strong and simple 
shepherd religion. He characterizes 
Jewish prophecy as a survival of the 


| spirit of this simple and vigorous faith 


in the period of more corrupt and de- 
generate religion and morality of town 
and agricultural life as it developed. 

Of great interest is also that the last 
great wave of Semitic incursion which 
so profoundly affected our rising civil- 
ization during the medieval ages, that 
of Mohammedanism, began likewise as 
a religious wave of great simplicity 
emerging from the desert. But the 
general pattern holds true not only of 
the Semites. It holds just as true of 
the Aryan group to which most of us 
belong. 

When. the Persians break out of their 
mountain fastnesses and conquer the 
Ionian and the Mesopotamian world 
they are profoundly actuated by the 


Christianity and Classical Culture, 
p. i 
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stern and vigorous religion of Zara- 
thustra. The Germanic tribes that ap- 
pear from the northern woods or the 
South Russian steppes and break down 
the Roman Empire are stongly en- 
livened by a religion that puts manly 
deed above all other virtues. The same 
thing holds true of the Viking incur- 
sions which so profoundly harassed 
medieval Europe, but also injected 
ethnic elements of great vigor into the 
new nations emerging at that time, 
and in several instances gave them 
their ruling houses. 

Let us draw the conclusion tenta- 
tively that a simple and vigorous reli- 
gious belief has been an important char- 
acteristic of human groups in the hey- 
day of their vigor and striking power. 
And let us on this basis inquire into 
the development of the modern world 
and later into the situation in which we 
now find ourselves and what we are to 
do about it. We are aware that many 
other interpretations have been made 
and are possible. But the interpreta- 
tion from the religious angle seems to 
be of the greatest importance just now 
since the most dangerous antagonist 
with whom we have to contend is a 
power ruled by a group of atheists who 
try to extirpate religion from among 
their followers. 

Many authors have taken the atti- 
tude that the modern world had its be- 
gining in the thirteenth century. That 
this should be true of Catholic writers 
like J. J. Walsh is no wonder, since 
admittedly the power of the pope and 
the Catholic church had risen to an 
absolute maximum under Pope In- 
nocent III who reigned from 1198 to 
1216; and since Catholic thinking in 
that century found its most outstanding 
expositor in Thomas Aquinas. But 
even non-catholic, or non-religious 
writers have to admit the immense im- 
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portance of that century as a birth- 
point of modern civilization. Scientifi- 
cally the thirteenth century was the 
century of Roger Bacon, the first phil- 
osopher to demand that scientific 
thought should be carried back to orig- 
inal sources of information; it was the 
century of the development of modern 
clock mechanism and the general in- 
troduction of modern time reckoning ; 
it also saw the general adoption of the 
Arabic or decimal system of numerals. 
Politically the thirteenth century, as 
Professor Edward P. Cheney points 
out, saw vigorous beginnings of popu- 
lar self-government and parliamentary 
institutions,* not only in England, but 
in many other European countries, in- 
cluding Spain. 

Of most interest for engineers is 
probably, however, that the thirteenth 
century was the real starting point of 
the vigorous development of the medi- 
eval guild system. This system was a 
serious, and to begin with, in the 
writer’s opinion, a highly successful 


* Cheney, E. P., The Dawn of a New 
Era, 1250-1453. 
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Wage Condition of the English Carpenter in Proportion to the Cost of Living for a Famil 
of Five Persons, Calculated for Every Decade from 1260 to 1887. 


From Rogers and Bliss, Six Centuries of Work and Wages. 
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attempt to apply Christian principle 
to production and trade. The thre 
fundamental guild rules were those ¢ 
fair price, fair wage, and fair quali 
of goods. The observance of thes 
rules was secured only to a subordinate 
extent by government action. It was 
the guilds themselves that enforcel 
them; and guilds were organizations 
of master tradesmen, whose skill an( 
competence were guaranteed by a vig. 
orous apprenticeship. The guilds wer 
strongly penetrated by the religion 
spirit. 
Saint. And strong rules of mutual a 
sistance and charity were observed m 
less than freedom of enterprise. 


The general wellbeing that resulteif 


to artisans from the successful appl 
cation of this system is best shown by 
the graph in Fig. 1 of the real incom 
of an English carpenter in the thir 
teenth, fourteenth and fifteenth cer 
turies. It is taken from authentic dati 
in Rogers’ and Bliss’ great work Sis 
Centuries of Work and Wages, dati 
derived from the examination of stil 
extant bills for goods and services it 
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medieval times. The well-being rises 
steadily from the thirteenth through 
the fifteenth century. Collapse sets in 
at the time of the great geographical 
discoveries when unparalleled oppor- 
tunities for adventure and enrichment 
drew the bold and daring away from 
accepted standards; and the church at 
the same time had become utterly 
worldly, greedy, and demoralized. 

It has become customary for modern 
people to glorify the time of the Ren- 
aissance because of its scientific and 
artistic achievements. It is forgotten 
that this period was one of complete 
political, economic and moral chaos in 
the homeland of the movement, Italy ; 
that political independence, popular 
government, and economic life were 
trampled under foot by princes and 
hired soldiers; that murder, rapine, 
and wars for revenge were rampant; 
and that the political philosophy of the 
day was that systematized by Niccolo 
Machiavelli, who declared that craving 
for power and lust for gain are natural 
instincts in mankind, and are the mo- 
tives on which he should act who 
wishes to dominate men.* Now the 
thirteenth century, as the art and ar- 
chitecture of the day so clearly show us, 
was a period of strong and childlike 
Christian faith. Through the follow- 
ing centuries, as sophistication and 
secularization increased, a decline grad- 
ually set in and all the magnificent art 
and scientific developments of the Ren- 
aissance could not stave off final de- 
bacle in Italy. 

However, in the rest of Europe two 
different currents set in. An increasing 
frivolization and secularization partic- 
ularly in France led to developments 
which ended in the French Revolution. 
Economically, as the chart in Fig. 1 





* Niccolo Machiavelli, The Prince. 
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shows, the greatest depth of misery 
for the common man was reached in 
England during the forty years follow- 
ing 1776, in which year there was 
published Adam Smith’s Wealth of Na- 
tions; a book in which the Machiavel- 
lian attitude was taken that only self- 
interest is an ever present motivation, 
and that therefore economic life and 
economic policy should be based on 
that motive. 

Fortunately for the world another line 
of development had also taken place. A 
new wave of religious intensity had 
broken forth in Germany and Switzer- 
land, in the form of the protestant ref- 
ormation. The wave spread into Eng- 
land and Scandinavia. In time this wave 
sent to America groups of emigrants 
of great spiritual vigor and intensity, 
and here on this continent was founded 
a new empire imbued with passion for 
human freedom and for neighborly co- 
operation. Colonies were planted all 
along the Atlantic Seaboard and in 
1776 these Colonies arose and declared 
that the time had come when they 
should “assume among the powers of 
the earth the separate and equal station 
to which the Laws of Nature and Na- 
ture’s God entitled them,” and that 
they did so “with firm reliance on the 
protection of Divine Providence.” 

Never did such reliance on Divine 
Providence prove more fully justified. 
Almost all the great powers of earth 
came in some way or other to the as- 
sistance of the rebelling nation. In 
fact, in the last decisive battle at York- 
town there were, according to Dean C. 
F. Wittke, more French soldiery: en- 
gaged than American. Later WNa- 
poleon, the great law grabber, sold to 
the young republic for a mere 15 mil- 
lion dollars a land area out of which 


+ Rogers and Bliss, Six Centuries of Work 
and Wages, p. 144. 








were subsequently formed in whole or 
in part some thirteen states. A war 
with Mexico, none too bloody, ex- 
tended the empire all the way to the 
Pacific Ocean; and Russia, whose land 
hunger now so worries us, sold to us 
Alaska in 1867 for 7,200,000 dollars 
gold. In human lives, according to 
Dean Wittke, the acquisition of our 
territory had cost us but 19,200 lives— 
just about half the number we now kill 
every year in automobile accidents. 
True, holding together the territory 
cost us much more blood than that, 
perhaps a just punishment for not 
taking seriously in time the solution of 


7206 BUILDING AN ENDURING CIVILIZATION 


the slavery question, which other na. 
tions had solved peaceably. 

Truly, this nation has every reason 
indeed to see in sound religion, in re. 
liance on the doctrine that right makes 
might, the key to future security and 
prosperity. If it does its duty in the 
world as the protector of the weak, as 
the upholder of freedom, it will find 


itself helped by that Providence upon f 
which the founding fathers relied. If [ 


it does not, it will pass out as so many 
other civilizations have passed out 
when they strove for riches and 
pleasure, but lost the religious basis 
for the fortitude of the soul. 
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The Role of Mathematics in the Teaching 
of an Engineer* 


By GEORGE C. VEDOVA 


Chairman of the Mathematics Department, Newark College of Engineering 


This paper constitutes a brief ex- 
position of the views held by the mem- 
bers of the Department of Mathematics 
of the Newark Engineering College as 
to the role that mathematics plays, or 
should play, in the training of an engi- 
neer. These views have been arrived 
at after consultations by the senior 
members of the department among 
themselves, followed by discussions be- 
fore and by the whole membership of 
the Department. They are believed to 
embody the principal aims of the de- 
partment as it functions at present. 

These views have been submitted to 
the administration of the college and to 
the chairmen of the various engineering 
departments, for the purpose of finding 
out to what extent they are in accord 
with the over-all aims and policies of 
the college and what revisions, if any, 
might be deemed advisable. It is 
gratifying to be able to report that, to 
date, no adverse comments have been 
made and no revisions have been sug- 
gested to the department. 

This department recognizes four 
principal aspects of mathematics each 
of which, it believes, is of value to the 
prospective engineer, and each of which 
should be brought to his attention 
while in training at this college, 
though not all with the same emphasis. 





-  *Presented at the Middle Atlantic Section 
Meeting, New York, December 6, 1947. 
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These aspects may be called the tech- 
nical, the utilitarian, the logical, and the 
cultural, enumerated here in decreasing 
order of the emphasis they should re- 
ceive though, in what follows, it has 
been found convenient to deal with 
them in the reverse order. 


Cultural Role 


Mathematics has long been looked 
upon as the key to understanding. It 
was held—and it is contended here 
that it was rightly held—that a 
mathematical training is indispensable 
to any who would acquire basic and 
real knowledge of the world, whether 
of the physical world, the living 
world, the intellectual world, or the 
total, combined world of all human ex- 
perience. 

That there is no exaggeration in 
this view becomes almost immediately 
evident when it is realized that under- 
standing comes only through the grasp- 
ing of ideas, for that is what “to un- 
derstand” means, namely, “to get the 
idea.” Now, mathematics deals with 
ideas, all of them thoroughly abstract 
and many of them of the subtlest type. 
Further, all of them are of the most 
pervasive type. They are met with 
at every step in life, at every turn, at 
every venture. Consider such simple 
mathematical ideas as number, ratio, 
proportion, length, area, volume, curve, 
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surface, solid, sum, difference, product, 
quotient, equal, less than, and so on, 
and note how often one meets them in 
every-day life, and how difficult any 


sustained thinking would be without’ 


them. Consider next the more sophis- 
ticated, the subtler concepts of mathe- 
matics, such concepts as variable, func- 
tion, dependence, rate of change, limit, 
infinity, transformation, correspond- 
ence, isomorphism, definition, postu- 
late, consistence, induction, proof, truth, 
falsity, and so on, and note how utterly 
paralyzing their absence would be to 
scientific, philosophic, or any other kind 
of thinking on a higher level. This 
point need not be stressed further, for 
it should be evident that when these 
concepts are once grasped in the ab- 
stract (and therefore most general) 
form, then any particular instance of 
their appearance, any situation in which 
they might be involved in a concrete 
way, becomes immediately recognizable, 
that is, understandable again, since it 
was once understood in the general 
way. Thus relationships are perceived ; 
bearings and connections seen; anal- 
ogies, parallelisms and isomorphisms 
detected ; in short, thus one begins to 
see the forms, principles, and relations 
common to many; thus the world ac- 
quires unity ; thus life is understood. 
This aspect of mathematics is the one 
stressed least in technical schools (as 
opposed to liberal arts colleges) on the 
ground that certain other aspects, to 
wit, the practical and the utilitarian, 
are more important to the technician, 
the engineer, or the scientist. But to 
the extent to which the technician, the 
engineer, and the scientist are also in- 
telligent human beings, curious about 
the world and seeking to understand, to 
that extent at least the cultural aspect 
of mathematics is of importance to them 
and should therefore be brought within 








ROLE OF MATHEMATICS IN TEACHING AN ENGINEER 


their reach. On the other hand, noting 
the growing emphasis being laid on 
technology in recent years, one could 
insist that prospective technicians, en- 
gineers, and scientists are the very 
persons to whom this aspect of mathe. 
matics should be stressed. For, in the 
more responsible, more commanding 
positions in life to which they are in- 
creasingly being called they shall have 
the greater need for broader under. 
standing, both for their own sakes and 
that of society at large. 

It seems indicated then that this as- 
pect of mathematics should not be 
neglected in an engineering schodl 
since, besides, the extra amount of 
time it would require on the part of 
the instructor and of the student would 
be small indeed. The grasping of the 
mathematical concepts, relations, and 
operations is effected in the very act of 
learning mathematics ; all that need be 
done, in addition, is for the concepts to 


be singled out by the instructor, to be f 


held up for inspection as it were, to be 
commented on historically, philosophi- 
cally, discussed as to bearing, growth, 
and clarification in time, and instances 
of their occurrence in life pointed out. 


Logical Role 


Closely connected with the aspect 
discussed above is the logical one for, 
by a proper recognition of the latter, 
light is shed not only on the nature of 
mathematics itself but also on that of 
the mathematical sciences. 

Consider the syllogism 


Every man is mortal, 
John is a man, 
Therefore John is mortal. 


The conclusion, “John is mortal,” fol f 


lows from the premises, by the laws o 
logic alone, from the form of the prem 
ses and in no way from the meanings 
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of the terms man, mortal, John. In 
fact, we can put x, y, 2 for these terms, 
thus 

Every + is a y, 

gis an 4%, 

Therefore z is a y, 


in which +, y, have been assigned no 
meanings whatever, and see that none 
the less the conclusion “z is a y” follows 
just as inevitably. Now, mathematical 
propositions are of the form 


“p(x,y,-..) implies q(%,y,...)” 


in which q is deducible from p not 
through any particular meanings of the 
variables x, y,... but through the rela- 
tion of formal implication alone, and 
for any values of the variables +, y,... 
for which p and q make sense, even 
though false. The mathematical prop- 
osition “p(x,y,...) implies q(+,y,...)” 
is not concerned with the truth or 
falsity of either p or q; it merely as- 
serts that if p is true then q is true or, 
conversely, that if g is not true then p 
is not either. Hence, if for certain 
values of 4, y,..., p is true, then, for 
those values of +, y,..., q may be as- 
serted. Thus, if in the mathematical 
proposition 


“(4:y=2:u) implies (4 = y2/u)” 


the values L,, W,, W., L., where the 
L’s and W’s are the arms and weights 
of a lever, are substituted for x, y, 2, u, 
respectively, in the implier; and if 
the resulting proposition (L,:W,= 
W,:L,) is found to be true, then the 
implicate (L,= W,W,/L,) may be 
asserted, that is, the length of arm 
L, of a weight W, which will balance a 
weight W, at a distance L, can be de- 
termined without resort to experiment. 
It will be observed that any other prop- 
osition which follows from (* = yz/u) 


will be true when the values L,, W,, W2, 
L,, are substituted for x, y, 2,4. Again, 
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if the undefined terms +, y, 2,..., sub- 
ject to the postulates P,, P,, P;,..., 
lead to propositions T,, T,, T;,..., and 
if the particular values +’, y’, 2’,..., 
representing physical entities of some 
kind, lead to the physical propositions 
P',, P’,, P’;,..., and if these proposi- 
tions are true, then the physical the- 
orems T’,, T’,, T’,,... may be at once 
asserted, without recourse to experi- 


ment. The two systems 
(1) +, y, 2, 
Py F.. P , 
ye AS 
Cay Fe, 
Pra e 
y ag y af TT; 


possess the same structure, the same 
form; there is complete parallelism be- 
tween them. But the first is purely 
abstract; it is a mathematical system. 
It exhibits a mathematical theory. The 
second has physical content; it is a 
physical system. It exhibits a physical 
theory. This is the principal service 
that mathematics renders to science, 
and therefore to engineering too, since 
the latter is nothing but that part of 
science which is immediately devoted 
to human needs. In such sciences as 
Mechanics, Electricity, Magnetism, 
Fluid Mechanics, Conduction of Heat, 
and so on, the fundamental laws, or 
assumptions, of the science are expres- 
sible in mathematical symbolism as 
mathematical theorems. From these 
theorems certain others follow, by log- 
ical implication alone. These are the 
theorems of the physical science, after 
reinterpretation of the symbols back 
into physical meaning. 

The convincingness of the physical 
theorems stems from the proofs of the 
corresponding mathematical theorems 
of which they are counterparts; and 
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these proofs, it should be noted, are 
derived entirely without appeal to the 
meaning, or content, of the symbols in- 


volved. On the other hand, if a physi-. 


cal theorem thus derived fails to meet 
expectations in the laboratory, that is, 
if it is proved false by experiment, then 
doubt is cast immediately on the ade- 
quacy of the physical laws, or assump- 
tions used in its derivation. A revision 
of these laws then becomes necessary. 
This is, of course, the meaning of the 
Scientific Method. 

It is to be observed that the more 
fundamental the physical laws assumed 
are, the closer the correspondence be- 
tween the mathematical and the physi- 
cal theories can be made. Few physical 
theories have their fundamental laws 
statable in terms of the initial axioms of 
mathematics (the few exceptions are 
the correspondences usually made be- 
tween the real number system and the 
system of magnitudes, say, or the sys- 
tem of measurements, etc.). Hence, in 
actual practice the correlation is not 
as complete as that shown in the sys- 
tems (1) above. Physical investigators 
do not establish a correspondence be- 
tween the elements of their science and 
those of an abstract mathematical sys- 
tem and then examine the results to see 
whether the postulates of the abstract 
system, with concrete elements sub- 
stituted for the abstract ones, do become 
true propositions, that is, the true laws 
of their science. Instead, they find it 
more convenient to begin somewhere 
in the middle; they make a shrewd 
guess as to the fundamental laws of 
their science, they express these in 
mathematical symbols and then, treat- 
ing the results as abstract mathematical 
propositions, they deduce their formal 
implicates. Next, by interpreting these 
implicates as concrete scientific prop- 
ositions they seek to find whether they 


are true or not, by an appeal to experi- 
ment if necessary. As long as the in. 
terpretations of the formally deduced 
propositions give true scientific laws, 
verifiable in the laboratory, the in- 
vestigation may continue. But if one 
single interpretation turns out to bea 
false scientific proposition, then it js 
immediately evident that something is 
wrong in the assumptions made. A 
revision, new guesses, or modifications 
of the old, must be made. 


Utilitarian Role 


It is clear then that intelligent s¢i- 
entific work demands, besides a knowl 
edge of mathematical theory, the ability 
to express physical laws, physical re- 
lationships between composite physical 
entities, or varied combinations o 
these, in abstract mathematical sym- 
bolism. And since, in solving engi- 
neering problems, the work is, essen- 
tially, one of scientific investigation, an 


engineer must have the ability of break- 
ing up a problem into its constituent 
parts, in terms of physical principles § 


or derived laws; he must have the 
ability of expressing these parts in 


mathematical symbolism, the ability of 


setting up an equation, or equations, 


embodying the conditions of the prob 


lem, and the ability (a mathematica 
ability now, involving no scientific 
knowledge) of making formal dedu- 
tions from the equations set up until 
a result is obtained which gives the 
solution of the problem. This he must 
in general, be able to recognize by a 
interpretation of the mathematical de 
duction into scientific terms agaill 
Hence it follows that among the aim 


of mathematics courses in an engineet-F 
ing college should be those of develop) 


ing the following abilities : 


(1) that of analyzing a problem into 
fundamental, constitutent parts; 
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(2) that of expressing these parts 
in mathematical symbolism ; 

(3) that of stating, in terms of such 
symbolism, the relationships that 
hold among these parts ; 

(4) that of technical manipulation of 
the resulting abstract forms ; 

(5) that of interpretating the result 
of such manipulations in physi- 
cal terms. 


Technical Role 


It is obvious that a technical knowl- 
edge of mathematics, purely as mathe- 
matics, is necessary. The engineer 
must know his Trigonometry, his Al- 
gebra, his Analytic Geometry, his Cal- 
culus, and so on, if he is to set up his 
problems in terms of the concepts and 
operations of mathematics, and then 
handle the resulting mathematical ex- 
pressions, in a mathematical way, un- 
til he arrives at the deduction he seeks. 
In fact, it is held by some that that is 
all that is necessary. For, they argue, 
in the very act of learning mathematical 
theories and techniques the student is 


ROLE OF MATHEMATICS IN TEACHING AN ENGINEER 





731 


bound to absorb some of the philo- 
sophic principles, some of the breadth 
of abstract ideas, some of the logic and 
formalism, some of the bearing on sci- 
ence, and some idea as to applicability 
to physical problems. There is some 
truth in such an argument, of course; 
all four aspects of mathematics are in- 
volved together in mathematics, and the 
student is bound to come in contact 
with the others in the mere act of 
mastering the technical part, but inas- 
much as all four are essential (even 
though not to the same degree) each 
is worth separate mention, identifica- 
tion, and individual handling. There 
is overlapping, of course, and inter- 
mingling ; in fact, there is actual uni- 
fication of all four aspects. But each 
contributes its maximum benefit as it, 
itself, is clearly perceived. And it is 
true here, as in any other teaching, that 
the teacher has a helpful role to play 
in pointing these matters out, in plan- 
ning the course, and organizing the ma- 
terial so as to enhance the benefit 
conferred by each. 










Creative Work in Engineering 


By J. F. CALVERT 


Chairman, Electrical Engineering Department, Northwestern University 


I. THe CREATION oF New DEVICES 


Original designs and inventions are 
the foundation stones in the advance- 
ment of engineering. Improvements 
in existing equipment, new devices, 
and new industries are built upon the 
inventions or creations of new types 
of physical things brought to being 
through men’s imagination. 

In the past in mechanical design and, 
to some extent, in electrical design, a 
rather high percentage of the inven- 
tions have come from men without col- 
lege degrees who advanced through an 
informal apprenticeship in the shop, 
drafting room, or laboratory. To pro- 
duce many of the new designs of the 
future, it is almost certain that a greater 
knowledge of scientific fundamentals 
will be required than heretofore. Yet 
new products and new manufacturing 
industries can come only through the 
imaginative effort of men with a flair 
for creative design. This situation pre- 
sents a definite challenge to those en- 
gaged in engineering educational work. 


II. Design 1N RELATION TO 
CuRRICULUM 


The mathematicians use the term 
“analysis” to refer to such fields of 
study as functions of a real variable, 
series, differential and integral calculus, 
differential equations, etc. The term 
“analysis” will be used throughout this 
paper, at least in the general mathe- 
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matical sense, as a form or type off 


thinking. It will be contrasted with 
the word “synthesis” which will k 
taken to mean the putting together of 
different things or ideas and will in. 
clude the notion of a resulting intell- 
gible whole. 

The techniques of analysis have been 
the backbone of much, if not most, en- 
gineering teaching, and rightfully so. 
They permit the most careful state 
ments of “basic principles” which prin- 
ciples are, by definition, those which 
enter into a multitude of problems, and 
contribute to their solutions. 
analysis, as it stems from mathematics, 
affords a means for attaining sufficient 
accuracy in a profession where accuracy 
is of profound importance. 

But, analysis is not the answer to al 
problems in even the technical phases 
engineering. For the creation of new 
designs we usually need the capacity for 
imagining new combinations of materia 
things and an approximately accuratt 
“sense of the rightness” of these. New 
designs are not often analyzed into 
being, but are synthesized by bold 
qualitative thinking. 


We need to consider the nature df 


design and development and, at tht 
risk of some inaccuracy, might stalt 


that there are two major divisions of 


each complete problem: 





A. The initial stages of design ust 
ally deal with questions in a qualitativ 
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way. The problem must be discovered 
and stated, possible methods of solu- 
tion must be synthesized or invented, 
and finally an evaluation and classifica- 
tion of the potential methods is re- 
quired. Often, even the last may be 
done largely at the qualitative level. 

B. The later stages of design deal 
with matters in a quantitative way. 
The process selected for the solution 
of the problem is refined and developed 
in detail through the application of 
known techniques of analysis. The 
basic idea is given form and dimensions 
through the use of calculations, draw- 
ings, scale models, and the construction 
of pilot models. 


In the past, formal engineering edu- 
cation has rarely included practice in 
the first, but often has included train- 
ing in the second or more nearly final 
stage of design work. Instruction in 
the latter has been characterized by two 
general procedures. One has been to 
teach basic design techniques without 
completely designing any specific device. 
A great proponent of this procedure 
was the late B. G. Lamme. In his 
electrical design schools were taught 
such subjects as the calculation of mag- 
netic, electrostatic and other steady 
state fields, e.m.f.s, m.m.f.s, iron and 
other losses, and ventilation and cool- 
ing in electrical apparatus. On oc- 
casions both static and rotating equip- 
ment might be introduced to illustrate 
a single subject, but in general no ma- 
chine was completely designed in this 
school. Another procedure has been 
to teach some basic design techniques, 
but primarily to emphasize their use 
through the derivation and application 
of formulas which were developed for 
the design of specific machines. 

Each of these procedures, concerned 
with the more nearly final stages of 
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design, has its advantages and its 
shortcomings. The first has the virtue 
that all techniques have, in themselves, 
very wide applicability and also they 
may serve as the bases for the develop- 
ment of more specialized design formu- 
las. The second method gives the stu- 
dent a sense of the size and shape of 
equipment and of some of the economic 
considerations, but in the process may 
require the development of a number 
of specialized formulas which are not 
exactly those used by any manufacturer 
and which in themselves are not of very 
broad educational value. 

Basic techniques, and methods of 
applying them, must be learned by those 
entering the fields of design. However, 
the discovery and stating of the prob- 
lem, the synthesis of possible solutions, 
and the evaluation of the latter also 
should be studied. The latter, taken 
as a whole, comprise the initial stage 
of design and are vital to the develop- 
ment of new devices. 

Many people assume that an inven- 
tion or a new design can only result 
from an unexplained flash of genius. 
It is certainly true that the one who 
produced the central idea cannot al- 
ways say exactly what brought it about. 
There are, however, all sizes of mental 
steps. Many simple ideas experienced 
in everyday life, as well as others oc- 
curring in specialized technical prob- 
lems, though much less startling than 
great inventions, are similar in char- 
acter to these larger mental achieve- 
ments. There are recognizable pat- 
terns of thought involved in the solu- 
tion of such large and small problems, 
and they can be described with some 
degree of accuracy. Also, certain pro- 
cedures, judiciously employed, should 
enhance the chance of success in cre- 
ative engineering. The purpose of this 
study will be to explore some of the 
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types of thinking done and some of 


the factors related to such creative 
work. Suggestions of a preliminary 


nature will be made to show how such - 


design ability might be developed. 
While one may see many interesting 
possibilities outside the field under dis- 
cussion, this paper will be confined pri- 
marily to the initial phases of engineer- 
ing development and design. 


III. Design 1n RELATION TO THE 


INDIVIDUAL 


Choice between alternatives seems to 
be the almost incessant occupation of 
those engaged in science and engineer- 
ing. It is as if the mind acted as a 
probability filter or sieve into which 
new observations came to be accepted 
or rejected in accordance with whether 
or not they could be incorporated as 
data which were consistent with past 
experience. This does not mean that 
all past experience is retained without 
change in the face of new evidence 
(heaven forbid!), but that the scientifi- 
cally trained are presumed to take par- 
ticular pains to keep their accepted ex- 
periences in orderly groups, with the 
elements of each group of “facts” con- 
sistently interrelated. 


A. Steps in the Development of an 
Engineering Product 


We need now to establish our as- 
sumption concerning (1) the purposes 
of design, (2) the usual steps which are 
taken in carrying through a project, 
and (3) the style of thinking required. 

The work done on new designs (or 
new organizational developments in 
engineering ) is not done to gain knowl- 
edge for its own sake, but to produce 
something which will be used. 

In present day engineering, work 
on new equipment is usually done by 
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TABLE I 


Detaits WuicoH May Be INVOLVED In 4 
CoMPLETE ENGINEERING DESIGN 


PRoBLEM 


1. The Human Part of the Problem. 


(a) The 


recognition or discovery of a 


human need or want, real or poten- 
tial, which might be satisfied through 
the application of the principles of 
the physical sciences. 

(b) A statement of the physical result, or 
results, which it is believed will sat- 


isfy 
take 


the need. This, or these, may 
one of several forms as shown 


below: 


(1) 
(2) 


(3) 


A single physical result. 

A single group of results, no 
one of which excludes the ex- 
istence of another (even though 
practical methods of achieve- 
ment are unknown). 

Several possible results, or 
groups of results, with a sort 
of grading procedure established. 
Such a grading system might 
involve a minimum performance 
for each possible result. Thena 
sort of “figure of merit” would 
be needed so that those poten- 
tial solutions which might meet 
all minimal requirements could 
be compared and ranked accord- 
ing to their order of relative 
value. This kind of grading 
procedure (if it could be agreed 
upon) might permit a compari- 
son of the possible physical sys- 
tems for achieving results not 
only after the fairly complete 
development of each, but at 
various stages along the way. 
Conceivably it could be used to 
stop investigation upon some 
system under study so_ that 
greater effort could be placed 
upon the more promising sys 
tems. 


In any of the above it is assumed that 
cost in dollars, date of completion, etc., are 
likely to be involved in the requirements 
upon the results to be obtained. 


2. The Physical or Engineering Part of the F 


Problem. 


(a) Probably a restatement of the prob- 


lem in more exact terms. 


This may 


involve mathematical relations. 
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TABLE I—Continued 


(b) The discovery or invention of possi- 
ble physical systems which it is be- 
lieved may prove to be satisfactory. 

(c) A clarification of each system which 
seems to warrant development. 

(1) Statement of the assumptions 
(which usually means slightly 
“simplifying” the problem or, in 
reality, defining another prob- 
lem that is believed to be suffi- 
ciently close to the actual one 
to give results which will also 
be close to the actual. Often 
the problem first is “simplified” 
beyond this, with the idea of 
starting through again and 
again, with additional factors 
included each time as more ex- 
perience is gained). 

(2) Development of a procedure for 
the analysis and then its em- 
ployment. This may involve 
both tests and calculations, and 
require in some cases the dis- 
covery through tests of new 
physical facts either general or 
else limited by the specific con- 
ditions of the problem at hand. 

(3) Tabulation and interpretation of 
results. 

(4) A pondering of these results and 
their interpretation in terms of 
the desired physical results, and 
of any new evidence or limita- 
tions which have come into view. 

3. The Judgment of the Engineering Solu- 

tions in Terms of the Human Needs. 

Making a choice of one or more of 

the engineering solutions under Item 

2 which may best meet all the re- 

quirements set down under 1(a) and 

1(b) above. 

4. The Detailed Design and Construction. 
This statement seems self-explana- 
tory. Detailed designs are prepared 
and construction undertaken either on 
a pilot model basis or for full scale 
development, or both but in sequence. 
This item will not be discussed fur- 
ther since the paper is concerned with 
the initial phases of design. 


research and design teams in which 
there are various specialists to furnish 
aid and support to one another, yet the 
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“unit” producing a single idea is one 
human mind. Thus, the individual to 
be effective must be able in his own 
right, but, at the same time, have a 
rather good idea of where his efforts 
fit into the whole project. We shall 
look at the work of invention and de- 
sign from the point of view of a single 
individual, but assume that he is work- 
ing as one of a group. 

The factors related to the produc- 
tion of a new and successful design are 
the recognition of a need, invention 
and design, production, and sales at a 
profit. The steps involved are out- 
lined in Table I with emphasis placed 
on the initial stages of the work. 

Many times an engineer is working 
on only one phase of a large project 
which actually involves something of 
each of the main parts listed above, 
but it is still well for him to know 
where his work fits into the whole. 


B. What is Needed for the Solution 
of Engineering Problems 


Solutions to engineering problems 
come from human minds, not from 
machines, laboratory equipment, or cal- 
culating techniques. The latter are to 
provide data and support for the de- 
signers’ imagination and judgment. 
Table II is concerned with the mental 
“equipment” required. 

Observation and discrimination are 
vital attributes in every laboratory sci- 
ence. They are abilities which are 
well understood, and excellent train- 
ing is given for their development. 

Memory is an ability to use with 
some care in design work. Long-time 
memory should be used to retain basic 
principles, to say where to find details, 
and to advise who is known to be an 
expert in one’s own and also in re- 
lated fields of study. Facts, figures, 
formulas, integral tables, etc., are all in 
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other matter.* 
problem, one must retain a surprisingly - 
large amount of information for ready 
use at any one time in order to permit 
the profer play of imagination and 
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tricks of simplification can be of great 


value. 
TABLE II 

MENTAL ABILITIES INVOLVED IN PROBLEM 
SOLUTION 


. Observation and discrimination. 


2. Memory. 
3. Logical 


thinking—with emphasis upon 
mathematical analysis, other forms of 
mathematical work, or analogous types 
of effort. 


4, Imagination—with emphasis upon the com- 


binations of material things and of sym- 
bols to represent them. 


5. Judgment—with emphasis upon— 


(a) Interpreting observations and dis- 
criminations. 

(b) Guiding the imagination (conscious 
or intuitive). 

(c) Making final decisions when all the 
available facts are assembled. 


Logical thinking is so thoroughly 


and extensively treated in every course 
in the physical sciences, mathematics 
and engineering that it seems almost 
unnecessary to remark upon it. 
there are matters worthy of further 
mention they are: 


If 


* Probably any facts which are used for a 


reasonable length of time are recoverable if 
a sufficient number of hints are offered at a 
time when extraneous subject material is 
excluded from the mind. However, for most 
practical purposes, that which is used inten- 
sively, for a few hours or days or weeks 
and not likely to be needed again, is rele- 
gated here to the short time classification. 


After use, it should go into “dead-storage” 
in order not to clutter up the more needed 
areas. 
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(1) that engineers sometimes do not 
write down their assumptions in 
clear, one, two, three style; 
that for clarity they could often 
afford to break a report up more 
sharply into the four parts 
shown in Table I under Part 
2(c), and 

that they could always get both 
the assumptions and the conclu- 
sions together in one place in 
short and concise form which 
others can easily understand. 


(2) 


(3) 


IV. Tue NAturRE OF IMAGINATION 
AND JUDGMENT 


Imagination and judgment seem in- 
separable in relation to invention and 
design and will be discussed here 
jointly and intermittently throughout 
what is to follow. 

Creative design and invention re 
quire the knowledge of science but the 
spirit of art. Some inventors have felt 
that to achieve in design, one must be- 
come attuned to nature in order to 
project forward in time as does the 
painter who sees the form and color 
of the finished work in oil, or the 
musician who hears and feels the new 
passages of a yet unwritten theme, or 
the sculptor who can envision a finished 
statue in a block of marble, or the in- 
ventor who may see the fit of airfoils 
to the air stream like wings in the 
wind. Sikorski speaks of intuition i 
invention as the “forerunner of knowl 
edge” which tells of the correctness of 
things and which later may be proven 
by observation and analysis.* Yet al 
of this stems from imagination, a series 
of forms, colors, sounds, or images 
which occur in the mind, and intuition 
is the sense of rightness which says, 
“Stop, this is it, the meaningful 


* Ref. 4, pp. 3 and 4. 
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whole.” And you stop to see if it really 
is true. 

If this is what we seek, what may be 
done about so sprightly a thing? 

First, it is well to remove, if it ex- 
ists, a common feeling that “mute, un- 
conscious intuition is emotional, not 
intellectual and scientific, and there- 
fore, not to be desired.” ** Danger 
may exist of rationalization, true, but 
this may be tested later by the sterner 
processes of logic or of the laboratory. 

Also, it might be noted that scientific 
logic is often only quantitatively exact 
about slightly unreal situations, while 
imagination (and intuition) may be 
qualitatively correct regarding more in- 
volved problems. 

Next let us consider the inferences 
made in everyday life. They seem to 
be simple acts of imagination and of 
intuition. It would be difficult to say 
how you recognize the sound of one 
person’s feet; or, how else you can 
distinguish one person from many 
others, be it only by hearing a single 
spoken word or by seeing the creases 
in his shoes. For motoring at night 
down strange roads which bear no 
formal signs, one learns to predict 
with speed and accuracy the turns, hills 
and valleys. In the main, the infer- 
ences made in such matters turn out 
to be correct conclusions. They seem 
to be arrived at intuitively from insuffi- 
cient data, but can it be insufficient 
when the results are so often true? 
Sometimes at a later date we believe 
that we can deduce from what and how 
the intuitive conclusions were drawn. 
It is highly improbable that intuition 
in these cases is a persistent arriving-at- 
tight-answers from wrong premises 
and by illogical routes. Is not intuition 
similar to reason but not active at the 





** Ref. 4, p. 20. 
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conscious level? *** In one case we 
can write it all down, in the other we 
cannot or do not do so, but probably 
the steps are essentially the same. Thus 
we see the laborious proof of correct- 
ness arrived at by conscious logic in 
contrast with the possible flash of 
probable correctness (intuitive judg- 
ment). There seems to be a plodding 
stolidness about the steps of logic as 
compared with the rushing about 
through space and time which the im- 
agination will do in preparation for 
intuitive action. In the one, the steps 
are sure and slow; in the other, more 
tentative but more rapid. The differ- 
ence may have an influence on invent- 
iveness and will be returned to later, 
because it also seems to bear on one’s 
training and practice. 

Apparently we can develop the abil- 
ity to think in many kinds of imagery 
and try various combinatioins for right- 
ness, and also it seems apparent that 
this process can go on at times with- 
out conscious effort, yet come to cor- 
rect conclusions. Therefore, should 
we not consider how we may con- 
sciously develop the art of imagery and 
with what conditions we may surround 
ourselves to favor the intuitive process 
in order to arrive more often at the 
probably correct conclusions? We 
shall endeavor to do this, but first one 
brief word regarding the practical. 

There is a vast difference between 
the “crack-pot inventor” and the de- 
signer of successful new devices. Each 
must have developed that knack of ar- 
ranging in the imagination the new and 
novel, but the difference is measured 
not by the degree of newness found 
in the ideas, but by the judgment with 


*** Perhaps it would be more satisfactory 
to define intuition as a combination of reason 
and judgment based upon ufirecognized or 
subliminal cues. 
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Questions 
must be asked and answered. Why is 
this job worth doing? Is the magni- 
tude of the improvement likely to be. 
such that it will be unquestionably ac- 
cepted, or is it apt to be only of a 


which they are weighed. 


marginal sort at best? What will it 
require in men’s time, in money, and 
in materials? It there something else 
which should take precedence? Yet 
these necessary appraisals should not 
be allowed to dampen one’s ardor for 
achievement. 


V. IMAGINATION AND JUDGMENT IN 
In1TIAL DESIGN 


A. Aids for Imagination and Judg- 
ment 


A person may be seeking a need for 
a product or a product for a need. 
Thus at one time new uses were ac- 
tively sought for both artificial rubber 
and for spun glass while, during the 
early days of World War II, German 
developments on the magnetic mine 
made many degaussing designs manda- 
tory. 

The discovery of the human need to 
be followed by an engineering solu- 
tion is the sequence which will be as- 
sumed below. In such work there are 
needed (1) a storehouse of knowl- 
edge arranged to suit the designer’s 
way of work, (2) an initial statement 
of the problem at least in general terms 
(and to be made specific as rapidly as 
developments permit), (3) a “soak- 
ing-in-process,” wherein the designer 
seeks to encompass within his ken an 
array of facts and possibilities related 
to his purpose and to try various com- 
binations of these, and wherein the de- 
signer makes a gradually increasing 
use of the technical literature for sup- 
port, (4) a final careful restatement 
of the problem and of the proposed so- 
lution with the attendant evaluations. 





CREATIVE WORK IN ENGINEERING 


B. The Storehouse—Human Needs 


The storehouse must contain in a 
reasonably orderly fashion “facts” and 
“hunches.” Of course these “hunches” 
or conjectures must be carefully 
tagged, but they should be given an 
appropriate tentative status. There 
will be a trend toward orderliness and : 
hence availability of ideas on human 
needs, if they are put away in accord- 
ance with some system. Such ideas 
might be classified according to exist- 
ing industrial products or, perhaps, | 
in terms of some list such as that sug- } 
gested by Table III. 


C. The Storehouse—Working Tools 


We have talked of human needs. 
Next we should see what the designer's | 
storehouse should hold in that large 
part allotted to physical things. 

Ideas are needed on the properties 
and the potential uses of materials. 
Thus, we like to know if they corrode 
easily, change resistance with tempera- 
ture, obey Hooke’s law, if they are 
electrical insulators or conductors, if 
they shrink with age, and if they are 
brittle or pliable. Besides such gen- 
eral ideas, where should we look and 
to whom should we go for the detailed 
and very unusual facts? Also, we 
might well carry around a few ideas on 
what groups of properties we would 
like but have never seen in any single 
material. It does not pay today to sell 
short the chemists or the metallurgists 
If they don’t have it yet, it may be on 
the way or even developed now by mot- 
ifying some existing synthetics or al) 
loys. 

Electromechanical designs so often 
involve in their makeup gears, cams, 
linkages, ratchets, Geneva movements, 
etc. The designer should embrace cer 
tain ideas regarding: 
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1. Possible types of motion. 
2. Ways of producing one motion 
from another. 


TABLE III 


One PossiBtE CLASSIFICATION OF HUMAN 


NEEDS 


1. Preservation of one’s own life and to a 


lesser extent health are ever present needs. 
Weapons were developed early. Today a 
widening and deepening of the air lanes 
as well as automatic blind landing sys- 
tems seem necessary to make safe the 
coming volume of air traffic. 

Savings in economic values as defined by 
money, man hours and materials account 
for most, though not all, engineering de- 
velopments, but perhaps too many engi- 
neers have held closely to the strictly en- 
gineering uses for designs. There has 
been much opportunity and should be 
more in satisfying the needs of the home, 
of agriculture, of merchandising and of 
medicine. 

. Individual freedom of action. Greater fa- 
cilities for travel and communication are 
prominent examples. Are there others? 
Comforts in terms of any of the senses 
have been the wants upon which immense 
industries were built, yet each year we 
endure much heat, cold, drought, dampness, 
blinding light, disturbing darkness, un- 
pleasant odors, smoke, dirt and wearing 
noises. Means for the further reduction 
of some of these annoyances might be 
justified to the user, not only on the basis 
of comfort but also of direct economic 
gains. 

. Amusements and escapes from the daily 
requirements of life only need mentioning 
to bring to mind hosts of growing indus- 
tries. 

Release from drudgery. Engineers have 
applied much thought to home, farm and 
factory equipment, yet in the factory and 
in the office efficiency has so often been 
measured primarily by the stop-watch, the 
time card, or else the number of square 
feet of paper turned out by a typist or a 
draftsman. To some extent these may 
Serve as measures and thereby as incen- 
tives. Yet there must be millions upon 
millions of human beings who would rise 
to greater levels of productivity if their 
work were made more interesting and 
more stimulating. 
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TABLE IlI]—Continued 


7. Worry, anxiety, and fear appear from 
time to time as unwelcome visitors in 
every home and in every human heart. 
Job security, adequate medical care, and 
educational advantages for their children 
are of paramount importance to most 
parents of only moderate means. Can the 
engineer do something toward “leveling 
out” employment, help to make medical 
care less expensive, or to improve ouegon 
educational procedures? 


3. Methods of representing in vari- 
ous fashions certain operations 
such as_ addition, subtraction, 
multiplication, and integration. 


Some things worth knowing about 
electrical circuits are: 


1. How to get from one voltage to 
another in both alternating and 
direct current circuits. 

2. How to get one type of variation 
in electrical quantities to pro- 
duce another. 

3. How to represent the mathemati- 
cal operations mentioned above, 
including differentiation. 

4. The performance characteristics 
of motors and other transducers. 


Too few electrical and mechanical 
designers are well versed in geometric 
optics and in photography. These are 
of particular value in measurement 
and test. A designer needs to know 
that choice can be made between me- 
chanical, electrical, and optical devices, 
particularly in dynamic problems, on 
the basis of accuracy as well as weight, 
size, convenience, and cost. The elimi- 
nation of one method in favor of an- 
other usually can be done early if the 
requirements and preferences have 
been clearly written down. 

Mr. B. G. Lamme, is reported to 
have advised “watch the man who 
thinks in analogies.” As one mathe- 
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matical expression may represent a 
variety of physical situations, much 
work has been done to classify the 


analogous parameters and variables in . 


electrical, mechanical and acoustical vi- 
brating systems.* If one thinks rapidly 
and fluently in one system of symbols 
but not in another, he may establish 
the analogy in his own language and 
proceed with the expectation that he 
can translate back again later on. This 
is all right for qualitative work, be- 
cause rigorous procedures probably can 
be introduced later for calculations on 
the original system if there are some 
“extenuating circumstances.” 


D. The Statement of the Problem 


Thus far we have been considering 
the arrangement in the mental store- 
house of the tools for initial design. 
The “soaking-in” process is where we 
try to use them; but first the desired 
physical results must be defined, at 
least in general terms, before we can 
imagine what may be done about 
achieving them. 

The statement may seem strange, 
but oftentimes a person starts without 
knowing just what he wants to do. 
Sometimes one just “does not like the 
way the thing is being done,” and at 
other times feels “there must be some- 
thing missing here.” These responses 
are perfectly natural. However, to 
avoid meaningless day-dreaming it is 
necessary to get the desired result 
stated as quickly as possible, if only in 
general terms. What are we trying to 
improve and why, or what is missing? 
The first definition of result does not 
need to be so well refined that it could 
be given out immediately to someone 
else as a problem, but if not then, as 

* Numerous papers and texts are available, 


and the individual may make additional clas- 
sifications of his own. 


CREATIVE WORK IN ENGINEERING 


one starts to think of the ways and 
means and to marshal all relevant 
knowledge, he should continue to de- 
fine and to redefine the results desired 
until they stand as sharply as beacons 
in the night. 

If a man can state concisely what 
belongs under each of the three head- 
ings shown below, he will have gone 
a very long way toward defining the 
problem : ** 


1. To produce (if it is a design 


ECD cia sos cv nae or to de- 
termine (if it is an analysis or 
MEME HOT iuicihan 00d «05 

2. To overcome the specific ob- 
oy ig, Be EERO ES 


E. The Soaking in Process 


In his imagination a small child 
makes himself the central figure in a 
story and enjoys the excitement of 
the terrific situations which he creates. 
A designer should dream for a purpose 
—one purpose—to obtain the result he 
has defined. Nevertheless, he needs 
at first to have a free running imagina- 
tion which is working smoothly at 
many periods of the day in order to fit 
together various images which may 
achieve his goal. Quite frequently no 
good solution is found before he has 
touched, even though lightly at times, 
upon almost everything which con- 
ceivably might be employed. Since a 
new idea usually means a new combina- 
tion of known information, the job is 
to increase the likelihood of the right 
combination appearing and of being 
recognized as the desired “meaningful 
whole.” Since the designer does not 








** Arrangement suggested by Dr. R. H. 
Seashore, Chairman, Department of Psychol 
ogy, Northwestern University. d 
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know what it is to be, he should try 
to shade the probability in his favor. 

Systematizing may help. Thus the 
selection of the most likely fields or 
areas in which to work and the elimina- 
tion of others may be first steps, yet 
some consideration of the bizarre may 
also yield results. If something has 
always been done one way, one might 
consider briefly at times what would 
happen if it were done in the reverse 
or in some other order. 

A man cannot build up a very intri- 
cate idea or keep from repeating him- 
self without the use of visual aids. 
Some sort of shorthand techniques are 
needed which do not hold him back or 
distract him from his main ideas. 
Block diagram procedures such as those 
used in radio work may be used in 
many fields of engineering. When 
needed, vectors should be freely em- 
ployed. At times one may care to in- 
vent symbols when he knows of no 
simple standard types, such as for 
gearing, bearings, friction elements, 
masses, shafts, etc. 

Ability at free hand perspective 
drawing is an art well worth develop- 
ing. Paper may be secured with guide 
lines for perspective and also for iso- 
metric drawing. Either of these may 
be useful to the less well trained at 
sketching. 

When the designer feels that ideas 
may be sufficiently well formed, he 
should try writing them down with 
brief diagrams, drawings, symbols, etc., 
as needed, but with no delay set in 
through the normal requirements of 
grammar and of completeness in math- 
ematical work. He may get just 
enough down to sketch out the whole 
or a large part of the job. Thus, any 
good sequences of ideas are caught at 
a time when they are fresh in his mind, 


and errors and omissions in the overall 
plan are likely to be quickly exposed. 

It is well to remember that nothing 
is much faster than conversation for the 
exchange and correction of ideas. It 
is possible to cover ground much faster 
in a qualitative way by this proce- 
dure than either by reading or writ- 
ing or both. People who will listen 
and discuss one’s problem can be of 
invaluable assistance. The mere act of 
explaining out loud assisted, perhaps, 
by brief sketches on a blackboard or on 
paper will force the marshalling of 
the designer’s thoughts and will tend 
to show up their weaknesses. The re- 
marks of others often initiate or “trig- 
ger” thought on unexpected possibili- 
ties. 

If a contemplated device contains 
moving mechanical parts, a rough 
wooden model (possibly metal, if gear- 
ing is involved) can be of immense help 
for getting satisfactory proportions 
and for indicating needed checks on 
clearances, etc. Usually the model does 
not need to be a polished job. For 
instance, in a wooden model a nail may 
serve for a bearing or else afford lim- 
ited flexibility between parts. 

Thus far we have dealt with knowl- 
edge and techniques. There are cer- 
tain other factors which are related 
more to personal habits and behavior. 

If the designer expects to have new 
ideas it is a fairly good rule to try to 
lay the groundwork before mid-after- 
noon. Of course, there are some most 
outstanding exceptions to this idea, but 
it seems to be accepted as generally 
sound. Sometimes it is necessary to 
live in the job day in and day out, and 
if this is not possible, then to so live 
at as many spare periods of time as 
can be found. This means enthusiasm 
for hard work and lots of it. 
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Eventually such continuous striving, 
if carried on without much success, will 
lead to great frustration and discour- 


agement. Some have thought this to be - 


a part of the productive process, since 
it may drive the mind to results. How- 
ever, I think that usually extreme 
frustration is only the result of the 
common, but not necessarily good habit 
of hanging on beyond the reasonable 
limits of endurance. The habit may be 
often incident to, but not necessary for 
getting results. Certainly if the feel- 
ing of frustration and dissatisfaction 
gets bad enough, it will force one to 
seek release in other activities. The 
rest, change and return to the problem 
as from a distance are likely to turn the 
trick of finding the answer consciously 
or unconsciously. (We seem only to 
read about the cases where the idea 
comes in without being sought, but this 
is, of course, the more spectacular sort 
of entrance for an idea to make, and 
hence we should expect to hear more of 
it.) It is most likely that a good deal of 
wear and tear can be saved by deliber- 
ately changing the scene before one 
gets into such a state of fatigue, and 
perspective may be gained upon one’s 
return to the problem. 

Nothing has been said thus far 
about the use of books, technical papers, 
reports or other aids which go under the 
name of bibliographical material. Cer- 
tainly the problem should be pretty 
clearly stated before any reading is 
undertaken. How soon thereafter one 
should start reading is very hard to 
say. If an early start is made, it may 
save time and again it may keep one 
from hitting upon anything new. If the 
first rush of ideas are put on paper be- 
fore reference is made to the literature, 
one may increase the “hit expectancy” 
of a new idea but he may also shoot up 
“dead ducks” that others have laid to 
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rest long ago. Nevertheless, there are 
a good many cases where the careful 
library search should be delayed for 
several days while the salient possibili- 
ties which are likely to occur have come 
to mind. 


F, The Final Statement of the Problem 
and of the Proposed Solution 


Finally, when the plan is sketched 
out which appears to be sound, the de- 
signer must change from the imagina- 
tive thinking in qualitative terms to 
the analytical work in quantitative 
terms. The object or desired result 
must be very carefully restated and the 
usual sort of rigorous calculations, 
tests, and reports on the design must 
be worked out. Limitations, advan- 
tages, and disadvantages of the plans 
must be sought and weighed as dis- 
passionately as if they were being pro- 
posed by someone else. This is the 
frame of mind to be sought for in the 
last stage of a design project. The 
difference between this phase of the 
work and that of the imaginative phase 
cannot be overemphasized, yet ability 
and control are needed by the success- 
ful designer for each of these parts of 
the work. 

With the statement of the proposed 
solution should go an evaluation of the 


proposed product. Two kinds of evalu- | 
ation are desirable, one by experts 


(engineers and scientists) who may 
perceive the technical possibilities of 


failure and the other by representative § 


users as they are more likely to see 


the probable operating inconveniences. ¥ 
Many large companies make systematic [ 


inquiries among critics of both types. 
VI. ForMAL AND INFORMAL 
TRAINING 


Thus far, there have been outlined 
some of the abilities and skills which 
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are required in problem solving dur- 
ing the initial stages of design. I be- 
lieve that latent abilities for such work 
exist among a much greater number 
of persons than is commonly supposed. 
The discovery of design ability is not 
undertaken today on a very scientific 
basis. The development of skills takes 
place largely through an informal ap- 
prenticeship in the industries. What 
further can be done about the discovery 
and development of ability for creative 
design ? 

Sufficient advances have been made 
in educational methods to permit the 
correlation and development of the 
needed teaching techniques in that area 
which we have called the initial stages 
of design. It appears that a case 
method or problem solving approach 
is likely to be the most fruitful. Let 
us look briefly at what the colleges and 
the industries might do in a somewhat 
coordinated program. 

Constructive work hardly may be 
undertaken before the senior or gradu- 
ate year, but spade work can be done 
earlier than this. After the basic prin- 
ciples of physics, mathematics and en- 
gineering are learned, considerable 
strength can be developed in the stu- 
dent through project type of labora- 
tory experiments, and this is done in 
many colleges. The student may be 
told that certain end results are desired, 
and he can be advised of the equipment 
available. He can be asked to plan 


TABLE IV 
PosstBLE AREAS FOR PROBLEMS 


A. Preservation of Life and Health. 

1. Loss of time from common colds. 

2. Measurements for predicting the per- 
formance of the heart. 

3. Danger of falling on icy streets. 

4. Snow removal. 

5. Protection of pedestrians at street cor- 

ners. 





D. 


CREATIVE WORK IN ENGINEERING 


743 


TABLE IV—Continued 


. Summary of and the potential solu- 


tions for some of the problems in air 
traffic. 


7. Staying awake when driving a car. 
8. 


Reduction of hazards caused by “other” 
drivers. 


. Saving of Economic Values. 
i 


Reduction of maintenance costs on 
your own car. 


2. Reduction of time spent in cooking. 
BS 
4. Same on house cleaning and daily up- 


Same on dish washing. 


keep. 


. Wasted energies in office work as they 


result from 

(a) No quiet hour for telephones, 

(b) Calling and finding a man out, 

(c) Lack of consideration given to 
temperature and humidity, 

(d) Noises of all sorts, and 

(e) Clumsy filing systems for items 
of short and long time value. 


. Handling of freight billings and tickets 


on railroads and other carriers. 


. Lack of quick deliveries and pick ups 


needed only occasionally by small busi- 
nesses and professional people. 


. Influences on Individual Freedom of Ac- 


tion. 


if 
2. 
3. 


4. 


Verbal and visual communications. 
Slowness of letter writing. 

Time spent on transportation including 
securing reservations. 

Automobile inconveniences such as 
(a) Tire changing, 

(b) Cold cars on short runs, 

(c) Steaming up of windows, 

(d) Starting troubles, and 

(e) Parking troubles. 


Comforts. 


1. 
ys r 
3. Subway and other traffic noise and 


Keeping cool when out-of-doors in 
hot climates. 
Blinding lights when driving. 


vibration especially on steel wheel cars 
(noting, however, that the sound of 
the wheel when struck with a hammer 
is used to check its mechanical condi- 
tion). 


. Elimination of odors at home and at 


work. 


. Radio interference in crowded areas. 
. Smoke and dirt in areas where soft 


coal is burned. 
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the test, to carry it out, and to analyze 
the results. Courses like those con- 
cerned with open and closed cycle con- 


trol systems, involving electrical, me- . 


chanical, hydraulic and pneumatic parts, 
may be used to correlate and to apply 
much previous learning. 

Actual practice in the preliminary 
stages of design may be gained by some 
students in senior seminars. A stu- 
dent may have submitted to him a list 
of potential problem areas somewhat 
like those shown in Table IV, and he 
may be invited to devise ones of his 
own. He should then state a specific 
problem and carry through to the point 
of starting the actual final design. 
Thus, he needs to state the problem, 
devise methods of solution, determine 
which one he regards as the most prom- 
ising, and evaluate the probable value 
of the design if it were completed. 

There are large as well as small 
scale research projects concerned with 
design which are now in progress in 
many of the colleges of the country. 
Much work done by these groups 
goes through a formative or initial 
stage of design. Part time employment 
on research contracts can be of particu- 
lar benefit if the student not only serves 
as a helper, but is told during the ap- 
prenticeship of the steps taken by the 
engineers in devising and choosing the 
courses of action for the various jobs. 

The same is equally true of employ- 
ment in industry. Younger men with 
desires and presumed potential abilities 
for design may be placed where they 
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can see work both in the formative and 
in the later stages of development, 
Yet again it will be necessary to ex- 
plain to them what was done and why. 
Possibly the student might report in 
writing on these matters so that his 
thinking becomes clarified and so that 
it is checked for soundness by those to 
whom he reports. 


VII. Finat REMARKS 


It may be well to repeat that engi- 
neering advances and new industries 
spring only from creative thinking and 
much of it in the fields of design. Na- 
tive abilities in the field are national 
heritages but the development of these 
is the joint responsibility of the schools 
and of the industries. Motivation is 
of primary importance. Those of 
ability who are motivated and trained 
will find design to be for them the most 
fascinating work in the world. It is 
particularly important for us today to 
invent new ways to find and to develop 
abilities in design. 
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Methods of Chemical Engineering Laboratory 
Instruction* 


By R. K. TONER 


Associate Professor of Chemical Engineering, Princeton University 


Before one can begin to discuss the 
methods of chemical engineering lab- 
oratory instruction, an analysis should 
be made of the objectives sought. 
Without attempting to itemize these 
in order of importance, since in fact 
they are of comparable value, I sub- 
mit the following: 


1. The development of a chemical 
engineering point of view as con- 
trasted to the chemists’ or test 
tube outlook. 

2. The development of the ability to 
present intelligible and useful re- 
ports both written and oral. 

3. The development of the ability 
to think independently, or what 
may be termed the development 
of the research attitude. 

4. The organization of previously 
learned chemical engineering in- 
formation with the clarification of 
doubtful points which a student 
often carries with him from lec- 
ture instruction. 


To these items should be added an- 
other which assumes considerably lesser 
status, namely some actual experience 
in handling pilot-plant type equipment. 
This item is listed as being of less im- 
portance since it is impossible in any 


* Presented at the Middle Atlantic Section 
Meeting, New York, December 6, 1947. 
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laboratory to get thoroughly acquainted 
with all important types of industrial 
equipment, and this familiarity can be 
obtained in a much more useful fashion 
in the actual chemical engineering 
plant. Nevertheless, it cannot be de- 
nied that once one has operated a filter 
press, another type, even though differ- 
ent in construction, is much more 
easily understood. 

It should be realized at the outset 
that a single course may not be suffi- 
cient to permit the obtaining of the 
objectives listed above. It is the pur- 
pose of my discussion this afternoon 
to outline for you how we at Princeton 
believe they can be accomplished. 
Nothing very novel or new is sug- 
gested and yet we have modified our 
undergraduate program of study in the 
last year in order to permit what we 
believe is a more satisfactory approach 
to the solution of these problems. 
This modification is now before the 
University faculty for final approval. 

All students in Chemical Engineer- 
ing should have a basic course in unit 
operations laboratory. Such a course 
may be fitted within the limitation of 
one semester of fifteen weeks. It can 
contain approximately nine experi- 
ments covering the major unit opera- 
tions: 1. Fluid flow; 2. Heat trans- 
mission ; 3. Multiple effect evaporation ; 
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4. Humidification and air condition- 
ing; 5. Drying; 6. Distillation; 7. Fil- 
tration; 8. Gas absorption or Extrac- 
tion; 9. Instrumentation. 


These experiments must be funda- ° 


mental in character; they should be 
designed so that the basic equations 
applicable to the individual process 
may be analyzed. For example, a fluid 
flow experiment should give ample 
opportunity for applying Bernoulli’s 
theorem and the correlation of fric- 
tion factor with Reynolds number. 
Such an experiment could also make 
use of orifice or venturi meter calibra- 
tion and could involve the measurement 
of pressure drop due to pipe fittings. 
Similarly the heat transfer experiment 
would most profitably be on counter- 
current heat transfer with a check on 
such relations as the Dittus-Boelter 
equation. Multiple effect evaporation 
is suggested as being more informative 
than a single effect experiment. Dis- 
tillation is best carried out with a 
bubble-cap column rather than with a 
packed column or by use of simple or 
steam distillation. Similarly, each of 
the other experiments should be so 
chosen as to emphasize major points. 
It is clear that in a short course all 
possible variations and even all im- 
portant items cannot be covered, but 
the course will serve to introduce the 
student to the important fundamentals 
of the chemical engineering laboratory. 

All of the experiments need not be 
of the same length. However, a lab- 
oratory day of at least six consecutive 
hours is preferable. This is normally 


accomplished at Princeton by beginning 
the laboratory period about 10:30 in 
the morning, in other words after two 
or three lecture periods have elapsed, 
and carrying it through the noon hour 
and the afternoon to give sufficient time 
for the completion of any experiment 
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even where difficulties are encountered, 
Experiments on fluid flow, heat trans- 
fer, distillation, mass transfer and the 
like require this continuous length of 
time for the best interest of both stu- 
dent and instruction. Other experi- 
ments, however, such as_ humidifica- 
tion and air conditioning can be car- 
ried out in much less time, usually three 
hours. For example, the Princeton ex- 
periment on humidification makes an 
operational study on the unit which 
supplies conditioned air to the Frick 
Chemical Laboratory. This is a com- 
mercial unit and while it does not per- 
mit alteration of operational variables, 
it does give the student a chance to 
make a test on a large-scale installa- 
tion and determine whether or not it 
is operating correctly and to suggest 
improvements. A recent class, as a 
matter of fact, was able by its recom- 
mendation to improve the efficiency of 
this particular unit several percent. 

It is believed that an experiment 
loses its value if the entire time is de- 
voted to manipulation with relatively 
little time allowed for thinking it 
through. Therefore, each student is 
granted an amount of supervised cal- 
culation time equal to the time re- 
quired to perform the original experi- 
ment. It is not the purpose of this 
supervised period to “feed” the stu- 
dent the necessary information for 
calculation but rather to provide him 
with skilled guidance when he needs 
it as he organizes and correlates the 
data. Thus by having six experiments 
requiring one full day each for their 
performance and three experiments re- 
quiring only half a day each it is pos- 
sible to provide a student with an 
equivalent amount of calculation time 
and still complete the course in fifteen 
weeks. It will be expected that the 
actual writing of the engineering re- 
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port will take place outside of super- 
vised hours. 

It is felt that this report should be 
rather formal in character for at least 
the major experiments and should in- 
clude a title page; table of contents; 
abstract; introduction and objective; 
conclusions; theory; apparatus, raw 
materials, etc. ; procedure ; results ; dis- 
cussion of these results and summary ; 
together with a survey of the literature 
cited, and an appendix including cali- 
bration and record charts, detailed data, 
and of course sample calculations. The 
drawings and graphs submitted with 
the reports should be made in engineer- 
ing style, and in all respects only top 
quality product should be acceptable. 
In order not to burden the student 
excessively, certain of the experiments 
can be reported in abbreviated form, 
each student in general being required 
to submit two formal reports and one 
abbreviated report in the elementary 
course. It is only by insisting on the 
highest of standards that the student 
will be impressed with the necessity for 
quality work. It is our experience that 
students want to please, that they want 
to learn how to do things properly, 
that they would rather do things right 
than wrong, but that they must be 
taught and their results must be criti- 
cized so that they will recognize 
wherein errors have been made. Such 
criticism, however, must be construc- 
tive and should be accompanied by in- 
dividual instruction on the correction 
of errors so that the student will not 
make the same type of mistake twice. 

It is fairly evident that in a begin- 
ning course of this sort quite a bit of 
guidance must be given the individual 
student. This does not mean that he 
has to be told precisely which valve to 
turn and what reading to take but at 
least a summary outline of what he is 
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expected to do should be furnished 
him and instructors should be available 
to analyze his errors when they occur. 
For most effective teaching highly in- 


dividualized instruction must be avail-— 


able. For this reason we have a ratio 
of about one instructor to each five or 
six students. Usually the laboratory is 
in charge of a senior staff member who 
is assisted by a member of instructional 
rank. 

Now let use see what has been 
achieved in a course of this type. The 
student has been taught to make engi- 
neering measurements; he no longer 
thinks in term of calories per gram 
but rather in terms of B.t.u. per pound. 
Furthermore he no longer expects the 
accuracy of a quantitative analytical 
laboratory in all instances but realizes 
that sometimes an error of plus or 
minus 10 per cent represents good cor- 
relation; on the other hand he realizes 
that in some experiments such as those 
involving mass transfer, distillation etc., 
it is necessary to take highly accurate 
data if one is to get even approximately 
satisfactory results. Furthermore since 
he works on these experiments with 
two other men he learns the necessity 
for group cooperation. We employ the 
foremanship principle in which a single 
report is required of each group, the 
foreman being responsible for the suc- 
cessful operation of the experiment 
and the compilation of data. Each in- 
dividual student must, of course, do 
his share on these experiments both in 
the laboratory and computation period 
and evidence of that is required, but the 
foreman is given double credit for those 
experiments for which he has responsi- 
bility in order to encourage him to do 
the best possible work. 

In the computation section students 
are taught how to analyze and correlate 
engineering data and are given advice 
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on the preparation of an engineering re- 
port. The report itself is weighed 
heavily in determining a student’s grade 
for only by emphasizing such reports 


can the criticism offered by industry 


that college students have not learned 
to express themselves properly be over- 
come. 

However, the training of the chemi- 
cal engineer in the laboratory has only 
begun. We have yet to give him any 
great amount of responsibility for think- 
ing an experiment completely through 
by himself. Therefore, it is clear that 
additional laboratory courses must be 
provided. These need not be of the 
unit operations type but could be either 
the projects or process types of labora- 
tory. Princeton feels that the curricu- 
lum should be tailored to the student’s 
requirements rather than forcing the 
student into the mold of a course. 
Therefore, we provide three additional 
courses of which only one is required 
although an additional one may be 
elected. For those students who have 
shown their interests in the type of 
work exemplified by the production en- 
gineer, a one-year course in process 
analysis is recommended. This course 
is administered to groups of two men, 
each group being given a different 
process to analyze. In the laboratory 
the operational variables are studied 
and from these variables information 
which will permit the economic design 
of a plant is obtained. A requirement 
of this course is the design of a plant 
and a complete report covering the ex- 
perimental data together with any liter- 
ature data and economic information. 
This course quite obviously gives the 
student much more independent action. 
He is required to make use of the li- 
brary, he is required to organize the 
experiment, determine what variables 
must be investigated, and carry the ex- 
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periment to the point where all in. 
formation necessary for his problem 
has been obtained. Formerly, a one- 
semester course of this sort was re- 
quired of all seniors but it was noted 
that one term of two afternoons a week 
was inadequate to permit carrying it 
to its desirable state of completion. As 
a result it has been lengthened to a 
year course and made an alternate with 
the one now to be described. 

While all students would benefit 
by the course that has just been men- 
tioned some students have by this time 
clearly indicated their ability to do 
even a greater share of independent 
thinking and wish to get into the re- 
search and development fields. For 
them a senior project, or as some would 
term it a senior thesis, is desirable. In 
this type of work the student is given 
almost complete freedom of action, be- 
ing guided only by weekly conferences 
with his director. Since each student 
requires individual instruction, this is 
a heavy drain on teaching personnel 
and this course is restricted to students 
who are likely to benefit by it as well 
as those who have indicated some prom- 
ise of productivity in independent work. 
As before, a complete engineering re- 
port is required at the end of the in- 
vestigation. Like the process labora- 
tory this course formerly was given in 
one semester and required of all stu- 
dents but again it is felt that an entire 
year is more productive of real re- 
sults and of more value to the depart- 
ment and the student. 

One feature of both of these courses 
is the weekly colloquium or seminar in 
which the student discusses his work 
with the rest of the class and presents 
his plans and conclusions. Each stu- 
dent is expected to speak twice, once 
toward the beginning of the term when 
he outlines his proposed work and once 
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toward the end of the semester when 
he discusses his results. The spoken 
report is as important in industry as 
the written one and all students should 
be given an opportunity to participate 
in this type of exposition. Further- 
more, very frequently valuable sug- 
gestions will come from other members 
of the class and a student who can per- 
sist in his defense of a thesis in the 
face of equally sincere opposition has 
the making of a good technical man. 

For the same type of student we have 
just been discussing, namely the one 
who plans to enter the research and 
development type of work, an advanced 
unit operations laboratory is planned 
for the senior year. This laboratory, 
like thesis work, is a restricted one and 
may be elected only with the consent of 
the department. Here work of an ad- 
vanced character in unit operations will 
be pursued. The squad system is em- 
ployed and probably no more than five 
experiments will be attempted in one 
term. The laboratory like the more 
basic one is a full day in length, and at 
least two weeks are required for the 
obtaining of sufficient data to prepare 
a report on the assignment. One week 
is provided for computation and con- 
ference with the instructor. Assign- 
ments in this course will be made by 
letter from the department to the stu- 
dent outlining in broad terms the ob- 
ject of the proposed investigation but 
it will be up to the individual squad to 
set for itself the actual experiment and 
carry it through satisfactorily. Ex- 
amples of experiments in this field are 
unsteady state heat transmission, heat 
transfer by radiation, fluid flow in 
which heat is involved, experiments 
in multi-component distillation, mass 
transfer experiments, and the like. In 
this course independence of thought 
and ability to organize are essential, 
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and the report submitted will be criti- 
cally examined for its engineering 
qualifications. It is clear that only 
senior staff members should attempt 
instruction in this type of work; in 
other words it should not be left to 
those of assistant instructor grade. 

Let me recapitulate the laboratory 
work which an undergraduate at 
Princeton will be expected to study 
under our proposed curriculum. All 
students will have required of them a 
one-semester fundamental course in 
unit operations laboratory. The class 
will then be divided into two groups 
not necessarily equal in size, one of 
which will take process analysis labora- 
tory and the other individual project 
or thesis work, thus making a minimum 
of three terms of chemical engineering 
laboratory for every student. In ad- 
dition, a course in advanced unit oper- 
ations laboratory will be offered for 
election to those men who have shown 
they can benefit by it. In this way we 
believe that all students will be given 
an opportunity to become familiar with 
the chemical engineering approach to 
problems, will be given opportunities 
for independent thinking and execu- 
tion, and can demonstrate their ability 
as organizers and independent workers. 
Furthermore, ample opportunity in the 
field of report organization is not only 
offered but a high degree of excellence 
is required in the written and spoken 
report. As a natural consequence of 
these major objectives, the student will 
become familiar with actual types of 
equipment and their operation, limita- 
tions and points of usefulness and will 
have a chance to verify for himself the 
truth of the fundamental equations on 
which design is based. 

Deans are likely to object to courses 
which require as high a ratio of in- 
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structors to students as is necessary to 
carry out this program properly, but 
if they can be convinced that it is only 
through laboratory procedure that the 
qualities of a good engineer can be 
developed they will usually accede to 
the teaching requirements that have 
been outlined. As a matter of fact it 
is possible with the judicious use of 
lower salaried staff, such as instruc- 
tors and assistant instructors, to re- 
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duce the cost load of such a laboratory 
appreciably. 

Once again I wish to emphasize that 
what is proposed is a basic chemi 
engineering laboratory program and 
it is presented here for the benefit of 
joint discussion in the belief that it or 
similar programs must be adopted i 
all the features desirable and attain. 
able by laboratory instruction are tok 
achieved. 


Sections 


The 1948 meeting of the Illinois-In- 
diana Section was held at Illinois In- 
stitute of Technology Friday and Sat- 
urday, May 7 and 8. The Friday meet- 
ing was a joint meeting with the Me- 
chanics Colloquium of Illinois Tech and 
the Illinois Section of the A. S. C. E. 
The dinner at 7 P.M. was attended by 
300 persons and the evening lecture at 
8:15 P.M. was attended by 400 per- 
sons. This lecture was presented by 
Professor Hardy Cross of Yale Uni- 
versity who was until 1937 active as 
a member of the IIlinois-Indiana Sec- 
tion. The dinner was an honorary 
banquet commemorating the 25th an- 
niversary of the development of the 
Cross method of moment distribution. 

At the meeting on Saturday, May 8, 
Dr. L. E. Grinter, Chairman of the Sec- 
tion, introduced President Henry T. 
Heald of Illinois Institute of Tech- 
nology who spoke briefly on the devel- 
opment program of the Institute. 

The program included a panel dis- 
cussion on “The Broad Objectives of 
Engineering Education” by J. J. Cava- 
naugh, President of Notre Dame Uni- 
versity; F. L. Hovde, President of 


Purdue University; D. B. Prentice} 
President of Rose Polytechnic Insti | 


tute; H. T. Heald, President of Illinois 
Institute of Technology. J. D. Lohman 
of the University of Chicago was mot- 
erator. 

The meetings in the afternoon in 
cluded papers on the following subjects; 
Teaching Thermodynamics and Fluid 
Flow, Drawing in the Engineering Cur- 
riculum, Non-Technical Values in Er 
gineering Education, Engineering Ar 
alysis in All Curricula, and Teaching 
Dynamics and Design. 

The following rotation of meeting 


places was approved: University of 


Notre Dame, Purdue University, 
Northwestern University, University d 
Illinois, Rose Polytechnic Institute, I: 
linois Institute of Technology. 
Officers elected for 1948-49 included 


Chairman, F. J. Schubmehl, University’ 


of Notre Dame; Vice Chairman, W.A 
Knapp, Purdue University ; Secretafy, 
W. E. Drinkwater, University of Nott 
Dame; Council Representative, L. 2 
Grinter, Illinois Institute of Techno 


ogy. 
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Application of Micro-pilot Plant Techniques to the 
Unit Operations Laboratory* 


By W. M. LANGDON, W. W. SHUSTER, L. S. COONLEY, and H. C. OTT 


Department of Chemical Engineering, Rensselaer Polytechnic Institute 


Definition of Micro-pilot Plant 


The term “micro-pilot plant” has been 


| used in this paper to designate equip- 


ment, whose size is much smaller than 


| that commercially available, yet larger 


than that of the laboratory. The 
amount of material either in process 
or being studied in a micro unit opera- 
tion likewise is between that of the 
laboratory and pilot plant. Since this 
type of equipment is not available, it 
must be designed and built. It is 
agreed that these techniques can not be 
applied to all unit operations, but it 
it hoped that the discussion which fol- 
lows will show the desirability of in- 
corporating such procedures in unit 
operations laboratory and how it can 
be applied to distillation. 

The customary method of conduct- 
ing many phases of unit operations 
laboratory has been to assign from 
three to six hours for a laboratory pe- 
riod. During this time the students 
must put the equipment in operation, al- 
low time for steady state to be attained, 
and make their measurements. The 
equipment used is either a small com- 
mercial unit or one built to commercial 
specifications and is usually suitable for 
the study of one operation only. The 
directions are given more or less com- 





* Presented at the Middle Atlantic Section 
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pletely so that the experiment may be 
completed in the given time. Too fre- 
quently the experiment is designed for 
the time available or to be run under 
conditions of low capacity because of 
the large amount of material required 
which can be hazardous, expensive or 
both. Because of its size and con- 
struction, it is frequently difficult to 
make wide changes in operating vari- 
ables within the time allowed; hence 
a group has to spend many periods if 
a complete coverage of operating char- 
acteristics is to be covered. The cost 
of the equipment and its maintenance 
is high. 

In the light of the philosophy that 
increased emphasis should be placed on 
basic and fundamental knowledge un- 
derlying engineering education, the 
above procedure does not appear to be 
conducive to the best attainment of 
this aim for the following reasons. 
When commercially available units are 
used to obtain some idea of industrial 
operations, the very size prevents the 
obtaining of definitive data. Batch or 
unsteady state experiments are ar- 
ranged to fit the time and material 
available. Too much time is consumed 
in reaching steady state conditions. 
The choice of materials that can be 
used is limited. Finally, the various 
factors measured, because of the method 
of conducting the experiment, are out 
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of focus for comparison with industrial 
conditions. 


has worked with a piece of commercial 
equipment. 

All this leads to the idea of scaling 
the equipment down many fold. While 
admittedly the data obtained may have 
no direct relationship to industrial 
operations, the scale-down gives a 
basic insight into the unit operation 
being considered. In small sizes, the 
important or controlling factors may be 
entirely different than in the case of 
larger equipment so that the equip- 
ment may have to be designed quite 
differently from the actual commercial 
unit. On a micro-pilot plant scale the 
setup can in many cases be made to 
run automatically for long periods of 
time during which the students can 
take periodic measurements. The 
amounts of material involved are small 
and hence there is little danger even 
if a hazardous chemical is used. Oper- 
ating variables are readily changed. 
The time consumed in reaching steady 
state is not pertinent since the equip- 
ment can be run over a period of weeks, 
and the experiments can be performed 
concurrently with the theory course in 
unit operations. This will allow the 
student to take various data illustra- 
tive of the material being covered in the 
theory. The design, construction and 
operation of micro size equipment 
presents a challenge to the ingenuity 
and will require more mental effort in 
the devising of an experiment. 

The above approach to unit opera- 
tions has been under consideration for 
some time and in the belief that it is 
well worthwhile, such a program has 
been started. Distillation was chosen 
as the first unit operation to be de- 
veloped using micro-pilot plant size 
equipment. The following is a de- 





APPLICATION OF MICRO-PILOT PLANT TECHNIQUES 


The advantage left is a 
psychological one in that the student 








scription and discussion of the desig, 
and operation. 


Distillation Experiment 


The experiment will be run concur. 
rently with the usual unit operations 
laboratory and will extend over a pe. 
riod of weeks with several squads par. 
ticipating. A separation problem wil 
be assigned which will simulate som 
industrial operation. The problem wil 
consist of three parts; (a) literature 
search, (b) operating calculations, and 
(c) experimental runs (including |- 
quid-vapor equilibrium determinations) 
in the continuous micro column. 

The design of a suitable column is 
described below. While the main fea 
tures essential to the success of the 
column have been worked out * * some 
of the design factors are still not suit 
able for general laboratory use by stu: 
dents. In general, the column consists 
of two separate sections, each 1” x4 
insulated by electrical heating jack- 
ets’ ® with a central feed section 
The column is supplied with a totd 
vaporizer ® and a total condenser ani 
is controlled by reflux proportionator 
at the top and bottom of the colum 
The product streams are recycled hj 
means of a total vaporizer back to th 
feed tank. Such a column will operat 
automatically with a minimum of cot 
trol equipment. It will compensatf 
automatically for small changes i 
column operation which is essential fo 
its successful performance over an & 
tended period of time. 

The column is constructed of glasf 
since experience has shown that vist!) 
inspection is a major factor in its st 
cessful operation. Glass is also one 
the easiest materials with which t 
work without extensive equipment at! 
is free of most corrosion difficulties 
The column may be constructed soa 
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to be free of all but accidental mechani- 
cal breakage. The latter disadvantage 
will be overcome by isolating the unit 
in a protected position and operating it 
by electrical controls. 

The rectifying sections of the column 
will contain some type of plates both 
to give the student some idea of a 
commercial unit and also to allow a 
more positive column operation which 
will be less susceptible to small opera- 
tional changes. In order to make the 
unit flexible the number of plates will 
be easily variable. A glass perforated 
plate ® has been developed which simu- 
lates commercial plates but has the dis- 
advantage of complicated construction 
when made in isolated units and is un- 
stable with frothing liquids. These 
difficulties may be overcome by devel- 
oping screen® or bubble cap plates? 
which may be inserted into the column 
similarly to the perforated glass plates. 

The column proper will be insulated 
by electrical heating jackets consisting 
of a 45 mm. glass tube wound with a 
heating element and surrounded by an 
insulating tube of 60 mm.”* The 
jackets allow visual inspection of the 
column operation and provide insula- 
tion otherwise unobtainable for small 
columns except by silvered vacuum 
jackets.?° 

Liquid feed to the column flows from 
a feed tank through a calibrated orifice 
across which a pressure drop of several 
feet of liquid.is maintained (compared 
to a maximum pressure in the column 
of 2 feet of liquid). The pressure leg 
to the column is kept filled by means of 
a float valve in the line which together 
with a check valve keeps the feed rate 
constant and independent of pressure 
changes in the column itself. The feed 
temperature is maintained by an elec- 
trically heated section in the feed line. 
Liquid streams from the top and bot- 
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tom of the column will be withdrawp 
and proportioned into reflux and prod. 
uct streams by solenoid operated valves, 
Reflux will return to the column via, 
small hold-up chamber to ensure a con- 
stant reflux stream. This is important 
in maintaining steady state conditions 
in the column. Several types of swing. 
ing funnel proportionators have been 
tested 4»? but have been found to be 
undependable for extended operation 
due to sticking. They have the added 
disadvantage of causing pressure surges 
in the column due to intermittent flow. 

The top and bottom product streams 
will be taken off through lines pro- 
vided with float valves serving as vapor 
traps. The product streams will be fed 
to an external vaporizer which wil 
pump the liquids back to the feed tank. 
Past equipment employed barometric 
legs which were unsatisfactory due to 
to condensation in the long leg neces- 
sary for sealing, and due to the danger 
of breakage. The leg also was un- 
satisfactory due to the possibility of 
blowing the seal by a momentary surge 
from the column which necessitated a 
shut-down to reseal the leg. 

Heat to the column is supplied bya 
total vaporizer at the bottom of the 
column and consists of an indented 
tube immersed in an oil bath main 


tained at a constant temperature by 2 J 


heating element. Pumping of liquid 

streams is accomplished by a similar 

vaporizer. 

Discussion of the Continuous Column 
The column described above departs 


in some respects from an_ industria § 


unit. The method of control based 
upon top and bottom reflux propor 
tionators is necessary to compensate for 
small operational changes and to elif 
inate special control equipment. This 


compensation is very important in 4? 
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small column as its lack of inertia 
would otherwise result in very er- 
ratic results. However, this does not 
detract from the fact that the column 
is operating strictly according to the 
principles of fractional distillation. 

The authors’ experience with the 
customary laboratory distillation col- 
umn (6” diameter or larger) has been 
very unsatisfactory. The usual prac- 
tice is to run the column either as a 
batch unit or as an enriching section 
by recycle of the product stream to the 
still pot. 

Because of time restrictions the 
usual column is limited to a few plates 
and a system with a wide spread in 
boiling points is used. The results 
from a batch distillation in such cases 
are very qualitative and the steady 
state distillation calculations are in se- 
rious error.* Steady state operation 
of an enriching section is also subject 
to limitation. In addition to varying 
the reflux ratios and still composition, 
the effect of compositions on plate 
efficiency is often measured by sampling 
the individual plates. The depletion of 
the more volatile component by the 
sampling should require a rather long 
wait between sampling which limits 
the number of possible measurements. 

Also, when working with systems 
having a high relative volatility the 
values are very erratic even when meas- 
ured with the utmost care.*** The 
case where a column of few plates is 
used with a system of low relative 
volatility does not give very represent- 
ative data as it must cover a very 
narrow composition range and there 
is no advantage in sampling all of the 
plates, since the efficiency is practically 
constant with composition. It does 
seem from a consideration of these fac- 
tors that the best results can only be 
obtained by using many plates and op- 
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erating on a system of low relative vol- 
atility. Since each run will require 
several days to approach steady state 
conditions, representative data will re- 
quire the experiment to spread over a 
period of weeks. 

The value of such columns is not 
confined to a unit operation labora- 
tory. They can be used to separate 
automatically or analyze fractions which 
possess some distinct physical property 
for analytical control, usually boiling 
point. 


Discussion 


A number of other unit operations 
also seem adaptable to micro-pilot plant 
techniques. Gas absorption and sol- 
vent extraction can be handled in a 
manner similar to distillation except 
that it will probably be necessary to 
introduce new material at a controlled 
rate, since complete recycling of ma- 
terial is here not readily achieved. It 
should also be possible to apply sev- 
eral complementary operations, such 
as grinding, elutriation, settling and 
filtration to the same problem. The 
principles of evaporation can be stud- 
ied as effectively in small glass equip- 
ment as in a commercial unit. Fluid 
flow and heat transfer may be studied 
in parts of equipment designed pri- 
marily for some other operation. 

It is felt that a unit operations lab- 
oratory conducted along these lines 
will give students a better insight into 
the principles underlying the various 
operations. 
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Sections 


of A.S.C.E. attended the luncheon at 
which Colonel W. N. Carey, National 
Secretary, A.S.C.E., gave a very stim- 
ulating address. 

Retiring Chairman, J. T. Strate, pre- 
sided over the business meeting at 
which the following officers were 
elected: J. W. Greene, Chairman, and 
Martin Capp, Secretary, for the year 
1948-49; N. A. Christensen, Colorado 


A. & M. College, Council representa- f 


tive. 

The Section gladly accepted Denver 
University’s invitation to meet in Der- 
ver next year. The section voted to 
invite Utah University and Utah State 
A. & M. to join this Section. 




















































~ 


> 


dnal. Ed., 16 
ISTER, W. W, 


'N, D. Js Ind, 
7, 801 (1945), 
Eng. Chem, 
1). 


‘hesis,” Uniy, 


uncheon at 
y, National 
very stim- 


Strate, pre- 
meeting at 
cers were 
irman, and 
wr the year 


1, Colorado 


representa- 


‘ed Denver 
2et in Der- 
n voted to 
Utah State 
] 





Teaching Coriolis’ Law* 


By A. S. HALL 


Assistant Professor of Mechanical Engineering, Purdue University 


Introduction 


A primary goal of undergraduate 
engineering instruction is to provide 
the student with the fundamentals of 
the art, to equip him with concepts 
and techniques which will serve as a 
firm basis for continuing development 
of his technical abilities. It is the 
author’s belief that we are falling 
short of this goal in our teaching of 
kinematics if we fail to present in a 
clear light the relation known as 
Coriolis’ law of acceleration. 

The majority of textbooks in the 
English language teach the construc- 
tion of the acceleration polygon, 
image, or phorograph. ‘‘Acceleration 
polygon’”’ will be used here to refer to 
all of these constructions. Construc- 
tion of the acceleration polygon in- 
volves the solution of a series of vector 
equations relating the accelerations of 
pairs of points of the mechanism. 
These equations are of the form 


A,=A HA pe (1) 


The term A>, is usually referred to as 
“the acceleration of P relative to Q.” 
Expression (1) may be regarded as a 
definition of the relative acceleration 
of two points. In words ‘“‘the acceler- 
ation of P relative to Q is that which 
must be added to the acceleration of 
Q to obtain as a result the acceleration 
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of P.” In general P and Q may be 
any two points, of the same or different 
links, coincident or separated. In 
practice two cases are found to be of 
special importance. 

Case I. In this case P and Q are 
two points of the same rigid link for 
which we show the relation 


A pqg=A"pqhA toa (2) 
where ae mas 
A"pqg=PQw?=(Vyq)?/PQ (3) 
and aed 
A',,=dVp/dt=PQa. (4) 


The component A”,, is shown to be 
directed from P toward Q and the 
component A ‘,, normal to the line PQ. 
w and a are respectively the absolute 
angular velocity and angular accelera- 
tion of the link containing points P 
and Q. The above relations suffice 
for the analysis of pin-jointed linkages 
and those which may be reduced to 
equivalent pin-jointed linkages. It 
has been the author’s experience that 
the average student in his sixth se- 
mester has little difficulty following a 
proof of the above relations and 
readily becomes proficient in their 
use. Having previously encountered 
the expressions Rw? and Ra for rota- 
tion about a fixed center he is pre- 
pared to accept intuitively the valid- 
ity of relations (2), (3) and (4). 

Case II. This is the situation cov- 
ered by Coriolis’ law. P and Q are 
two coincident points of different links. 
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The relation for Aj, in its most con- 
venient form for calculations is 


A pq=A pga" pg h2 Voqu, (S) 
where 
A'yg=dV,/dt (6) 
and 
A" pq= (Voq)?/R. (7) 


R is the radius of curvature of the 
path traced by P on the body con- 
taining Q. The component a”,, is 
shown to be directed from P toward 
the center of curvature of the path 
and the component A‘,, parallel to 
Voyq (tangent to the path). The com- 
ponent 2V,~, known as ‘Coriolis’ 
component” or the ‘‘compound sup- 
plementary acceleration,” is normal 
to the path, with a sense dependent 
on the senses of Vz, and w. 

Should instruction not be carried 
beyond Case I the student is left in a 
position where he is incapable of con- 
structing the acceleration polygon for 
some of the most common mecha- 
nisms. More serious is the fact that 
he does not realize the lack. His 
intuition will wrongfully lead him to 
apply to Case II the relations for 
Case I, with the substitution of R for 
PQ. To avoid this almost certain 
error some treatment of Case II ap- 
pears absolutely necessary. The bet- 
ter treatments will include a deriva- 
tion readily followed by the student. 


Possible Derivations of Coriolis’ Law 


A variety of derivations of Coriolis’ 
law have been offered in texts and in 
the periodical technical literature. 
These might be grouped as follows. 


(1) Derivations in which acceleration 
components are determined from a con- 
sideration of the velocity changes taking 
place. 
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This type of derivation in its mop 
formal and rigorous form involves con. 
sidering the vector change in relatiy 
velocity, AV,,, which takes place dy. 
ing a small time interval, At, an 
obtaining the relative acceleration, 
Apq, as the limit of AV,,/At when 4 
approaches zero. A less rigorous fom 
involves noting all the elements of the 
motion contributing to changes ip 
direction or magnitude of the velocity 
and writing the resulting acceleration 
components directly. 

Even when presented carefully and 
slowly by the instructor these deriva. 
tions require a high degree of concen. 
tration on the part of the student. 
They are not readily reproduced by 
the average student. Errors easily 
creep in through the omission of 
one or more components of velocity 
change. 

(2) Derivations in which the position 
of the moving point is expressed in 
rectangular coordinates and the accelera- 
tion expression obtained by differentia 
tion. 


general, treating the case of a point 
moving on any path in plane motion, 
or may be limited to the case of a 
point moving on a straight path a 
that path rotates about a fixed center 
at the origin of the coordinate system. 


The latter treatment is found mor f 
frequently than the former in kine § 


matics texts. Derivations of this 
type are rather long but are rigorous 


and require little imagination to carry F 


through once the displacement rela 
tions are set up. A disadvantage 
the necessity for converting from X 
and Y components to normal and tat- 
gential components. 

(3) Derivations in which the post 
tions of the points involved are expresstl 


as vectors in the notation ‘Re’ ani} 





Derivations of this type may bef 
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the acceleration relation obtained by 
differentiation. 

This is a neat way of handling all 
velocity and acceleration derivations 
but has not been used in any kine- 
matics text with which the author is 
familiar. Our students usually do not 
become acquainted with the notation 
until they study alternating current 
electricity. A strong argument might 
be developed for using the notation in 
kinematics if for no other reason than 
to impress on the student the fact that 
all fields of engineering and science 
make use of the same tools. 

(4) Derivations making use of an 
“equivalent link.” 

The idea behind this treatment is 
based on the fact that, for the purpose 
of computing velocities and accelera- 
tions, a point tracing a path on a body 
may at a particular instant be treated 
as though carried by a rigid link pin- 
jointed to the body at the center of 
curvature of the path corresponding 
to the instantaneous position con- 
sidered. Recognition of this makes 
it possible to derive Coriolis’ law 
directly from the expression for the 
relative acceleration of two points of 
arigid link. This treatment does not 
appear in the latest editions of any 
texts with which the author is ac- 
quainted. It did appear in the fifth 
edition of “‘Elements of Mechanism,” 
by Schwamb, Merrill and James and 
was also used by Professor P. K. Slay- 
maker in his excellent article ‘‘How to 
Determine Accelerations . . .,” Ma- 
chine Design, July, 1946. 

The author feels that a derivation 
of this nature is the simplest, shortest 
and most readily grasped. It makes 
maximum use of the students’ pre- 
vious knowledge and shows clearly 
the connection between Case I and 
Case II, eliminating much of the 
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mystery which seems to have asso- 
ciated with Coriolis’ component. A 
possible sequence of steps in present- 
ing the law to the student is outlined 
in the next section. 


Equivalent Link Derivation 


It is assumed that the student is 
already thoroughly familiar with the 
expression for the relative acceleration 
of two points of the same rigid link. 
Figure I illustrates the relation for 
points P and C of link X. w, and a, 
are respectively the absolute angular 
velocity and angular acceleration of 
link X. The case is general for plane 
motion; no center of rotation is speci- 


fied. 





Roe CPX, 
Fic. 2 


Figure 2 shows link X pin-jointed 
toa body, 3,at point C. The polygon 
illustrates the relation 


A pq=AcqHA pe- (8) 


Point Q is taken such that distance 
CQ is equal to distance CP. 

Figure 3 shows link X and body 3 
in relative position such that Q and 
P are coincident. The acceleration 
polygon again illustrates the relation, 
Apqg=AcqHAge. Apg is resolved into 
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two components, A‘,, directed normal 
to line CP and A*,, directed parallel 
to line CP. The student should 
readily see the relatlons, 


A'yg=CP(a;— a5) (9) 
and “ony 
A" yq= CP(w?,—w?s). (10) 


It should be noted that the component 
A'yq is the rate of change of magnitude 
of the relative velocity, V,,, and will 
have the same sense if V5, is increas- 
ing, opposite if decreasing. The com- 
ponent A”,, will have the sense P 
toward C (positive) or C toward P 
(negative) depending upon whether 
w, exceeds or is less than w3. 





Fic. 4 


It might next be pointed out that 
it is convenient to have the component 
A",q expressed in terms of Vp,. 
Furthermore, since the expression 
CP(w*,—w?s) becomes indeterminate 
when CP becomes infinite, (10) is not 
usable for the important case where 
X isa slider having rectilinear motion 
relative to 3. Therefore we make the 
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following rearrangement: 
2 — ays?) = (we — w3)?+ 2w03 — 2ws" 


= (wz —w3)?+ 2 (wz — ws) (L1) 


(wz 
But rie 

CP(wz—ws3) = Vog. (12) 
Hence (10) becomes 


A"nq FF: (Vpq)?/CP+2 Vp qws- (13) 


Inspection of the figures and the 
above relations will show that the 
component (V,,)?/CP is always posi- 
tive (sense P toward C). Coriolis 


component, 2V,,.w3, will be positive F 


when (w,—w3) and w3 have the same 


sense and negative when they have the [ 
opposite sense. From this may kf 


developed the rule illustrated in Fig. 5 


4 
Aor. Se a, / |Acor. 
aid? 


Fic. 5 


—“The sense of Coriolis’ component, 
2V,yqws3, is the sense of the relative 
velocity vector, Vy,, rotated 90 deg. 
in the sense of w3.’’ It might not be 
amiss, if it has not already been done, 
to point out to the student that this 
rule applies to any acceleration com- 
ponent of the form Vw. 

To extend the derivation to the 


general case for plane motion, in which f 
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P traces any path on body 3 consider 
Fig. 4. P isa point of body 2 tracing 
on body 3 a path which, for the posi- 
tion shown, has center of curvature 
at C. As far as instantaneous veloci- 
ties and accelerations are concerned 
this case may be treated as though a 
rigid link, X, were pin-jointed to body 
2 at point P and to body 3 at point C. 
If Q be the point of 3 coincident with 
P then the acceleration relation, di- 
rectly from the previous result, is 


Apqg=A ‘a t>( Vpq)?/CP2 Vp qws- (14) 


It has been implied in several texts 
that the “equivalent link’”” may be 
used only if the path is a circle arc. 
This may be the reason for not using 
the above treatment more widely. 
The difficulty may lie in a failure to 
distinguish between the varying ra- 
dius of curvature of the path and the 
varying radius vector which coincides 
with the radius of curvature only for 
the instantaneous position considered. 
Figure 6 illustrates the distinction. 





Fic. 6 


R is the radius vector with origin at 
the center of curvature corresponding 
to point P of the curve. The radius 
of curvature is p. It is not p but R, 
with its first and second derivatives, 
which enters velocity and accelera- 
tion expressions. Since dR/d@ and 
@R/d? are both zero at the position 
in which R coincides with p a point 
would have the same instantaneous 
velocity and acceleration in that posi- 





tion whether considered as moving on 
the path with varying radius of curva- 
ture or on the circle of radius R. The 
third derivative of R with respect to 6 
is not zero in general; therefore the 
“equivalent link’”’ treatment could not 
be used to investigate rate of change 
of acceleration. 

A similar situation exists in our 
treatment of velocities by the instan- 
taneous center method. There we 
compute the velocity of a point as 
though it were carried by a rigid link 
pin-jointed at a point on the normal 
to the path of the point. The fact 
that this point (the instantaneous 
center) is not the center of curvature 
of the path, or even that it might not 
lie on the same side of the path as the 
center of curvature, does not invali- 
date the procedure. Only the first 
derivative of R enters a velocity com- 
putation and this is zero for any 
origin on a normal to the path. The 
instantaneous center of velocities can- 
not be treated as a center of rotation 
for computing accelerations, however, 
because the second eerivative fo R 
enters the acceleration expressions and 
is zero only if the origin is at the center 
of curvature of the point path. 


Applications and Problems. 


The experienced instructor realizes 
that any formal law gains in signifi- 
cance and is more easily remembered 
when connected with common or 
readily imagined personal experience, 
observable physical phenomena and 
applications outside the immediate 
field of study. An imaginary rotating 
skating rink was described by Pro- 
fessor E. S. Ault and the author to 
convey a physical picture of the sig- 
nificance of Coriolis’ component in an 
article ‘‘How Acceleration Analysis 
Can Be Improved,” Machine Design, 
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February, 1943. The forces to which 
one would be subject when skating 
radially or circularly are readily vis- 
ualized and can be explained in terms 
of Coriolis’ law. Explanation of the 
opposite rotation of cyclones in the 
Northern and Southern Hemispheres 
never fails to create interest. Forces 
developed in the fluid coupling are 
explainable in terms of Coriolis’ law 
and furnish a good example of prac- 
tical interest to the engineering stu- 
dent but outside the immediate field of 
rigid body kinematics. Other inter- 
esting applications will occur to the re- 
sourceful instructor. Without doubt 
many have been used by readers of 
this paper. Sharing of our ideas 
along this and other lines will con- 
tribute to the more effective teaching 
of all. 

Suitably chosen problem work for 
the student is, of course, of great im- 
portance. In view of ever present 
time limitations the problems must 
be selected carefully for maximum 
effect. The first problem assigned 
might well involve a simple device for 
which the acceleration polygon could 
be constructed either with or without 
the use of Coriolis’ law. The stu- 
dent’s confidence will be increased if 
he makes the solution both ways and 
observes the same results. The fly- 
wheel governor of Fig. 7 illustrates 
this type of problem. 
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The second problem might involve 
a simple mechanism for which no con- 
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venient method of solution is availab} 
other than the use of Coriolos’ lay 
This is illustrated by the tangent cap 
with oscillating roller follower } 
Fig. 8. 


path of By on 2 








a AL a na 2ME ol 
Fic. 8 


The third problem might into 
duce the idea of rearranging th 


acceleration vector equation for th) 


frequently encountered situation in 


which the point whose acceleration sf 
desired does not trace an obviou} 
path. Thus for the crank and slotte) 
link mechanism of Fig. 9, if the mo} 


tion of crank 2 is known and its 


“JE 


Ne Nee Asm ns 


Fic. 9 


desired: to determine the motion d 


link 3, we might write, correctli 


enough, 
A = A bs bA “babs +0"5,5, 492 Vo,5,02- (15) 


However, computation of the com 
ponent a%,», requires knowledge @ 
the radius of curvature of the path 
which B; traces on link 2. Thiss 
not readily apparent. On the othe 
hand the path traced by Bz on link! 
is obviously the center line of the slot 
Hence a more convenient solution # 


obtained by writing the acceleratittf 
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equation first as though solving for 
the acceleration of Bo. 


Ap, = Ap, HA 40,492 Vo,0,03- (16) 


Expression (16) may be left in this 
form or rearranged with A», on the 
left side of the equation, whichever 
the student finds the easier to follow 
in constructing the vector diagram. 

Additional problem work, involving 
more complicated mechanisms, might 
be assigned as time permits. Three 
problems, similar to those suggested 
above, are about the minimum the 
student should solve before he can 
be assumed to have a reasonable grasp 
on the subject. 


Conclusion. 


If we are to teach acceleration 
analysis at all in our undergraduate 
kinematics courses Coriolis’ law should 
be included. Complete omission of 
this law leaves the student in a posi- 
tion where his intuition will lead him 
to erroneous solutions. That Coriolis’ 
law can be taught to undergraduates 
in a reasonable time is the conviction 
of the author. The major require- 


| ment, a derivation which is simple and 
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easy to follow, seems to be satisfied 
by the ‘equivalent link” idea. If the 
student has previously mastered the 
acceleration polygon for pin-jointed 
linkages it should be possible to cover 
Coriolis’ law adequately with one hour 
of lecture and three hours of problem 
work. 


APPENDIX 


References on Derivation of 
Coriolis’ Law 
The following is a partial list of 


references which offer a derivation of 
Coriolis’ law. The type of derivation 


is indicated at the right by numbers 
corresponding to the grouping in the 
body of the paper. 


1. ‘‘How to Determine Accelerations 

. .« by Slaymaker, Machine 

Design, July, 1946, pp. 147-150 (4) 
2. “Engineering Kinematics,” by 

Sloane, Macmillan, 1945, pp. 

296-299 (2) 
3. ‘Mechanics for Engineers,”” by 

Maurer, Roark and Washa, 

John Wiley, 1945, pp. 192-197 (1) 
4, ‘‘Mechanism,”’ by Prageman, In- 

ternational Textbook, 1943, pp. 

281-283 (1) 
5. ‘Applied Kinematics,” by Bill- 

ings, D. Van Nostrand, second 

edition, 1943, pp. 109-111 
6. ‘How Acceleration Analysis Can 

Be Improved,” by Hall and 

Ault, Machine Design, Feb., 

1943, pp. 100-102, 162, 164 (3) 
7. “Analytical Mechanics for Engi- 

neers,” by Seely and Ensign, 

John Wiley, third edition, 1941, 

pp. 391-394 (1) 
8. ‘‘Mechanism and the Kinematics 

of Machines,” by Steeds, Long- 

mans, Green and Co., 1940, pp. 


27-31, 101-104 (2), (1) 
9. “Engineering Mechanics,” by 

Timoshenko and Young, Mc- 

Graw-Hill, second edition, 

1940, pp. 476-479 (2) 
10. ‘‘The Theory of Machines,” by 

Bevan, Longmans, Green and 

Co., 1939, pp. 86-90 (1), (2) 


11. “Elements of Mechanism,” by 

Schwamb, Merrill and James, 

John Wiley, fifth edition, 1938, 

pp. 84-87 (4) 
12. ‘‘Mechanics of Machinery,” by 

Ham and Crane, McGraw-Hill, 

1938, pp. 292-298 (1) 
13. “Kinematics of Machinery,” by 

Albert and Rogers, John Wiley, 

1938, pp. 105-109 «it h) 
14. “‘Theory of Machines,” by Toft 

and Kersey, Pitman, third edi- 

tion, 1937, pp. 14-15 (2) 
15. “Kinematics and Kinetics of 

Machinery,” by Dent and 

Harper, John Wiley, 1921, pp. 

89-93 (1) 
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DISCUSSION 


E. M. Griswold, Cooper Union: 


I like your presentation because it 
is based upon a physical concept 
rather than purely mathematical op- 
erations. My experience in teaching 
kinematics has indicated that the ma- 
terial is grasped more readily by most 
students if a principle can be demon- 
strated by the use of a physical con- 
cept, either with or without a mathe- 
matical analysis, than with pure 
mathematics alone. 

I have used derivations of Coriolis’ 
law “in which the acceleration com- 
ponents are determined from a con- 
sideration of the velocity changes 
taking place”’ and ‘‘in which the posi- 
tion of the moving point is expressed 
in rectangular coordinates and the 
acceleration expression obtained by 
differentiation” but have not been 
satisfied with the results obtained. 
To the student it seems to be more of 
an exercise in mathematics than the 
demonstration of an important prin- 
cipal. The student then has diffi- 
culty applying the law to a specific 
case. 

I am looking forward to trying the 
“equivalent link’ derivation with 
my next class in kinematics. I think 
this may solve my problem. 


I. W. Smith, University of Toronto: 
That the Coriolis’ supplement 
should be included in the kinematics 
course along with the teaching of the 
acceleration polygon is a point that 
cannot be disputed and I believe most 
textbooks recognize this fact by in- 
cluding not only the law but its proof 
as well. However, I feel that it is 
the application that should be given 
in the kinematics course and that the 
derivation more properly belongs in 
the dynamics course. 
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The equivalent link method of 
derivation is very well presented jp 
your paper and appears to be reason. 
ably brief. I have not taught this 
method but it seems on the surface to 
lack somewhat in straightforwardness, 
However, it has the advantage of 
stressing the coincident point prin. 
ciple, which should be of great help 
to students in kinematics. 

At Toronto, Coriolis’ law is taken 
up in a dynamics course common to 
second year students in Engineering 
Physics, Engineering Business, Civil, 
Electrical, and Mechanical Engineer. 
ing. Since of these branches only the 
mechanicals have kinematics, there is 
not an adequate foundation for use of 
the equivalent link method. 

The third method of derivation, by 
vector notation, is very neat indeed, 
but as you point out, it cannot be 
used until vector notation has been 
covered. At Toronto, the second 
year aeronautical engineering students 


have a dynamics course in which vec- f 
tor notation is taught so that the? 
Coriolis’ component falls out auto} 


matically. 


The second method of derivation, . 


by differentiation of X and Y co 
ordinates, is quite good mathemat- 
ically and can be sufficiently concise. 


However, I feel that it does not give J 


the student an understanding of the 


Coriolis’ acceleration nor is it af 


adequate preparation for the solving 
of actual problems. 

Thus it is the first of the methods 
given in your paper that we use at 
Toronto. It is taken up as changes 
in magnitude and direction of two 
velocity vectors belonging to a poift 
moving along a path that has rote 
tion. It is true that this procedure 
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three one-hour lecture periods, includ- 
ing actual examples involving straight 
and curved paths—but I believe the 
student has a better visualization of 
the accelerations. There is also the 
advantage that the rule given in your 
paper for the direction and sense of 
the Coriolis’ component is directly 
obtained when rotation of the path 
velocity vector is considered. The 
results of this derivation are used 
later in the dynamics course for sett- 
ing up the forces causing stress in a 
disc subjected to gyroscopic action. 

The acceleration polygon is pre- 
sented to our mechanical engineering 
students in the second year kinematics 
course that runs concurrently with the 
dynamics course. One lecture is given 
to the solution of a complete shaper 


mechanism, which of course includes 
the Coriolis’ acceleration. Later in 
the course, when cams are discussed, 
the polygon for an arc and tangent 
cam is worked out and compared to a 
purely mathematical solution. 

In the drafting room the second 
year students do one three-hour prob- 
lem requiring Coriolis’ acceleration. 
Last year the problem was a complete 
velocity and acceleration analysis of 
the Pratt and Whitney vertical shaper. 
On this problem they seemed to have 
an excellent grasp of the required 
solution and I am wondering if it is 
not better to spend more time in 
teaching the fundamental approach 
than to rely on a variety of laboratory 
exercises for full mastery of the 
method. 






‘ 
2 
” 


Sa eee 


Se ate eee 


4 

f 
iq 
ay 
i 











Electrical Engineering Laboratory Exercises 


By JOSEPH C. MICHALOWICZ 


Assistant Professor of Electrical Engineering, Catholic University of America 


Among the many problems con- 
fronting the small engineering univer- 
sity, in these days of overcrowded 
conditions, is the method of presenting 
laboratory exercises to electrical engi- 
neering students. The laboratory in- 
structor found it sufficient for his 
small, prewar classes, to personally 
outline the exercises on a blackboard 
or to issue to the student brief mimeo- 
graphed notes. Unfortunately, this 
procedure is no longer feasible. Either 
very detailed exercises must be pre- 
pared by the instructor himself or a 
printed laboratory manual-text must 
be adopted. Both have their obvious 
advantages and disadvantages. 

In order to determine the general 
trend among engineering schools, a 
survey, entitled “Laboratory Manual 
Survey” was conducted by the author. 
Questionnaires were sent to 120 
schools having E.C.P.D.-approved pro- 
grams in electrical engineering, asking 
questions concerning both the per- 
sonally prepared laboratory exercises 
and the printed laboratory manual- 
text. Answers were received from 90 
schools, at the time of this writing, and 
the following results were based on 
these replies. 

The table below shows the percent- 
age of the schools using personally 
prepared forms, such as mimeographed 
or lithographed outlines. The figures 
in parentheses indicate the number of 


schools, out of the 90 schools answer. 
ing, that offer the course considered, 


Percentage usin 
Type of course poe ph 
D-C Circuits and Machinery .. 88% (%) 
A-C Circuits and Machinery .. 83% () 
TEIOUROOHIES 306 5.5 Ss vile neta wee anes s 90% (89) 
COMMUNICATION °055 0655 252 FA's ceo 92% (83) 
Other (such as_ Illumination, 


Measurements, E.E. for non- 


BA andsees. ec senhy thea 90% (4) F 


Of these schools, approximately 10 
per cent indicated that the printe 
manual-text was used as a supplemen- 
tary reference and guide. 

Of the schools indicating sole use d 


the printed manual-text, the followin 
publications were the most popular. ff 


A-C and D-C circuits and machin§ 


ery: Dennison-Karapetoff, “Ele: 
trical Laboratory Experiments’ 
John Wiley & Sons; Reed ani 


Corcoran, “Electrical Engineerig 


Experiments,” John Wiley asl 
Sons; Hehre and Blamford ,“Ele- 
tric Circuit and Machine Expet- 
ments,” John Wiley and Sons. 

Electronics and communications: 
Schulz and Anderson, “Expet: 
ments in Electronics and Comm 
nication Engineering,” Harpe 
and Bros. 

E.E. Lab. for non-E.E. students 
Beck, “Electrical Engineeritt 
Laboratory Manual,” Tri-Stat 
Offset Co. 
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But even these users of the printed 
manual-text indicated dissatisfaction 
with the material, since about 60 per 
cent stated that these manuals were 
inadequate for their means. The rea- 
son for the inadequacy of these man- 
uals was expressed unanimously as not 
being readily adaptable to available 
equipment or the particular instruc- 
tor’s interests. 

Some of the comments made con- 
cerning the printed manual-text are 
worthy of note. 


“Equipment, procedures and philosophy 
are so different that only your own 
manual written for your own institution 
will serve your needs adequately.” 





“Published laboratory manuals are not 
suitable for large well-equipped schools 
which are continually changing experi- 
ments.” 

“Many published manuals do not seem 
to be written at a high enough level for 
3rd and 4th year students.” 

“Each teacher wants to write his own 
manual.” 

“Printed manuals do not permit a 
ready change . . . changing experiments 
discourages building up fraternity li- 
braries.” 

“Printed manuals do not allow. instruc- 
tors any freedom or field to try his 
ingenuity.” 

“Printed manuals OK for the man who 
prepared them.” 
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A Boomerang in.Grading Engineering 
Drawing Problems 


By MYRON C. BISHOP 


Associate Professor of Engineering, Evansville College 


For many years there has been a 
growing tendency to evolve a method to 
hasten the grading of Technical Draw- 
ing problems. Instructors become im- 
patient having to spend long hours try- 
ing to arrive at what is considered a 
fair and just grade on hundreds of 
drawing problems. An increase in the 
number of sections, as well as the num- 
ber of students in a section, shows a 
definite up-trend since the sudden go- 
to-college urge has become prevalent 
among veterans. Many instructors in 
colleges and universities, particularly 
in our larger engineering schools, find 
themselves trying to teach Technical 
Drawing and Descriptive Geometry 
with a shortage of texts, tables, and a 
minimum of working tools. There ap- 
pear to be only a few schools which 
have the administrative courage to 
screen their students and thus keep en- 
rollments within the scope of maximum 
capacity. It would certainly seem 
more fair to ask a student to wait a 
semester or two, rather than herd him 
into a large group where he seldom 
knows even the names of his instruc- 
tors. One may just as well engage in 
a correspondence course as to enter 
into the congested conditions that exist 
in many of our engineering schools. 

During the life of the V-12, V-7 and 
the ESMWT programs, instructors 
took advantage of what had previously 


been done by way of short cuts fy 
grading drawings. Work books wer} 
used to enable all to get the same back 
ground and to enable the inefficier 
teacher to have a corrected set df 
problems by which to check all the sty 
dents’ work sheets. This brought fort 
new and quicker devices for checkin} 
problems. One such device was as fd 
lows: A metal frame was constructel§ 
whereby a drawing could be placed inf 
a definite position with a correct traf 
ing placed on top. This enabled the it- 
structor to see at a glance where lines 
had been placed incorrectly on a draw. 
ing. The instructor, or checker, as omy 
should be called, who does this typ® 
of work, counts the number of line 
that are incorrectly placed in order ti 
establish a grade. Each sheet carrie 
a number and the student is dealt wit 
on all occasions by the number. Hes 
only a number and he passes or fais 
the work by that given number and }y 
the number of lines he places out ¢ 
position on his sheet. Let me cite a 
example. A graduate engineer kep 
failing on all the drawings he handel 
in for an engineering drawing cour 
Upon investigation it was found thé 
by trimming the border line he lui 
been shifting the position of the drat 
ings one fourth inch and thus makitf 
them out of line for the master ke 
When he became aware of the cause® 
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the trouble he approached the profes- 
sor whose defense was that had the 
student been more careful about follow- 
ing directions it would not have hap- 
pened. 

Several hours are necessary to teach 
a new instructor how to use a cross sec- 
tion computation grade chart. By ac- 
tual visitation of several schools that 
use an elaborate system of grading com- 
putation it has been observed that the 
instructors are seldom seen in the 
classroom, but spend their time com- 
puting grades of problems already com- 
pleted. It may be an antiquated idea 
but it is still the opinion of some that 
time spent in direct contact with stu- 
dents in the classroom is of far greater 
value than as the human element in a 
grading machine. 

Faithful followers of mechanical 
checking devices have not yet attained 
Utopia. Why not design a machine 
similar to an automat in which the stu- 
dent could deposit a coin and receive 
the assigned problem for that day? 
Then at the end of the laboratory pe- 
riod could he not insert the finished 
drawing again into the machine and re- 
ceive a grade? This system might be 
of some merit were there nothing more 
to be gained than the one variable. An 
objective test, such as one on projec- 
tion, could be run through on a check- 
ing machine, but it could not check the 
many variables that go to mark prog- 
ress in drawing technique. If a me- 
chanical means of checking drawings is 
considered the best way of judging 
progress in technical drawing then a 
teacher can find very little excuse for 
existence ; student helpers can feed the 
machines with just as much efficiency. 

It is not deemed necessary to delve 
into the characteristics of a superior or 
a poor instructor except to say that the 
characteristics of a good instructor can- 
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not be incorporated into a mechanical 
device. A superior teacher has some- 
thing that cannot be readily defined or 
measured, call it ability or personality 
or what you will. The best means of 
securing maximum results differs with 
each teacher. 

Personnel directors of three indus- 
tries, each of which employs over six 
thousand people, have expressed the 
opinion that our present-day graduate 
engineers lack the ability to sell them- 
selves, have very little regard for the 
rights of others, and assume that in- 
dustry owes them a living on somewhat 
the same basis as in college life where 
father footed the bill. These same indi- 
viduals, if employed, expect raises on 
time spent rather than ability and will- 
ingness to be of worthwhile service to 
the company. This appalling attitude 
is not entirely due to the educational 
system nor to the home background but 
has been brought on more by the ab- 
normal economic situation. Neverthe- 
less it remains the task for all engi- 
neering schools to remedy these de- 
ficiencies in so far as it is possible. 
Should the present trend continue, the 
time will soon come when there will 
be no backlog of engineers who choose 
to do creative thinking and who are 
willing to weld their college training 
into a working machine. 

Some engineers in the teaching field 
are beginning to discuss the over supply 
of people who will be entering the pro- 
fession within the next five to ten years. 
They propose to reduce the number of 
graduates by means of technical tests 
for freshmen. Business and industry 
are always in need of people who are 
willing to work and assume responsi- 
bility, and who can cooperate with and 
inspire others. These traits do not 
come about by memorizing technically 
proven facts only. We should not have 
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mass college instruction in large classes. 
It is far better to have small classes 
taught by one who has a broad general 
knowledge as well as a specific interest 
in order that he may better understand 
and cope with the particular problems 
and situations of the individual stu- 
dent. Certainly a college instructor 
should be well versed in guidance to 
avoid putting a square peg in a round 
hole. The gap that has been growing 
between industry, business, and our 
college students must be bridged by a 
closer relationship and ways and means 
of understanding one another. The 
gap can be lessened by the enrichment 
of the students’ experiences. This can 
be accomplished, in part at least, in the 
drawing laboratory by the instructor’s 
presence where he can move about and 
instill his knowledge as he goes. 


Summary 


Some of the unit operations, if scaled 
down to micro size, could be run con- 
tinuously over a period of weeks. The 
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small size permits a flexible, economic 
and safe study of the underlying prin. 
ciples of the unit operation. While the 
design factors will not be industrially 
applicable the same is true of the usual 
equipment due to the limitations ¢ 
size and the nature of the batch op 
eration. 

This philosophy is being applied to 5 
distillation. A continuous laboratory 
column has been developed which wil 
operate automatically for long periok 
on liquid charges as small as 1 liter, 
The column proper is constructed in 
two sections, each 1” I.D. by 4’ lo 
which can be supplied with up to thirty. 
five perforated plates. Control is ob 
tained by employing a total vaporizer 
and condenser with top and bottom re 
flux proportionators. Product streams 
are recycled to the feed tank by a totd 
vaporizer. No special controls ar 


used since the column operation 5 


self adjusting. 

Similar techniques are being conten 
plated for absorption, evaporation, 
grinding, filtration and extraction. 
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Meeting of the Executive Board 


A meeting of the Executive Board 
of the A.S.E.E. was held at North- 
western University, Evanston, IIli- 
nois, April 24, 1948. Those in attend- 
ance were: C. E. MacQuigg, President, 
F. M. Dawson, C. J. Freund, B. J. 
Robertson, S. S. Steinberg, J. S. 
Thompson, A. B. Bronwell, Nell Mc- 
Kenry, and Dorothy Isebrands. The 
following items were considered and 
the actions indicated taken: 


1. Report of the Secretary. Secre- 
tary Bronwell reported on the work in 
his office this year. In addition to the 
routine business of the Society, the 
Secretary’s Office has: 


a. assisted the President in conduct- 
ing a membership drive which has re- 


| sulted in 958 new members. 


b. made a careful cross-check of the 
alphabetical and geographical listings 
in the Yearbook in order to provide ac- 
curate mailing lists for use of the Sec- 
tions. 

c. prepared an Office Procedures 
Manual for the handling of office mat- 
ters including membership, dues, ad- 
vertising, publication, accounting pro- 
cedures, trust funds, committees, divi- 
sions, sections, etc. 

d. solicited additional advertising 
for the JouRNAL. 


2. The Treasurer, J. S. Thompson, 
made a report on the finances of the 
Society to date and suggested certain 
changes in the present accounting sys- 
tem. The Board approved these sug- 


772 


gestions and also a motion that secre- 
tarial salaries be included under ad- 
ministrative expenses. 

The Treasurer was requested to as- 
certain whether or not some of the 
restricted funds of the Society could 
be invested in government bonds. 

The Treasurer recommended that 
the dues income be broken down into 
individual and institutional dues. He 
also recommended that the auditor’s 
certification be published along with the 
annual Treasurer’s Report in the Sep- 
tember issue of the JOURNAL. 

3. F. M. Dawson, Vice-President, 
presented a report of some of the ac- 
tivities of the ECRC: 


a. Transfer of funds ($2,333.38) to 
the Society. 

b. Approximately $201.00 income 
from sale of Directories has been paid 
to the treasury of the Society exclusive 
of the first item. 

c. Bill H.R. 6007 (National Science 
Foundation Act of 1948) was dis- 
cussed, and the recommendation of A. 
A. Potter as a member of the Science 
Foundation was approved. 

d. Submitted a preliminary draft of 
amendments to the By-Laws of the 
ECRC. 


4. S. S. Steinberg, Vice-President, 
presented a report of some of the ac- 
tivities of the ECAC. 


a. Committee on Secondary Schools 
has been reorganized with L. M. K. 
Boelter as Chairman. 
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b. The survey of engineering salaries 
is being continued. 

c. A campaign is being planned to 
secure additional institutional members, 
with particular emphasis on industrial 
organizations. 

d. Amendments in the by-laws of 
the ECAC are being studied. 


5. A proposed budget for 1948-49 
was discussed. The Treasurer pointed 
out that the revenue per member is 
considerably smaller than that of other 
engineering societies. It was pointed 
out that the A.S.E.E. is basically a 
different kind of organization and 
should not attempt to pattern its 
finances after those of other national 
engineering societies. However, ad- 


ditional revenue probably can be de- 
rived from increased advertising. 

It was voted to allocate $300.00 to 
the Engineering Drawing Division to 


assist the project of Unit Tests in 
Engineering Drawing now being de- 
veloped. 

The 1948-49 budget was tentatively 
approved by the Executive Board but 
is to be held over until the Board meet- 
ing in Austin for final action. 

6. C. J. Freund discussed the fact 
that the Vice-President in charge of 
instructional and divisional activities 
spends too much time in preparation 
of material for the program of the an- 
nual meeting and suggested that the 
Society revise this procedure so that 
this Vice-President would have time to 
carry on more constructive work for the 
Society. A complete report of his rec- 
ommendations will be published in the 
JournaL. A motion was passed that 
the Secretary’s office organize the pro- 
gram of the Annual Convention. 

7. The advisability of the Society’s 
undertaking certain long-range proj- 
ects was discussed. The projects con- 
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sidered included a study of teaching 
techniques and the improvement 9 
teaching methods, the construction o 
audio-visual aids for basic science and 
engineering courses, and the sponsor. f 
ship of summer schools. These proj- 
ects will be considered further at the 
meeting of the General Council. 

8. The report of the Publication [ 
Committee recommending the follow. 
ing increase in subscription rates, ne- 
cessitated by increased publication 
costs, was approved: 

Present Proposed 
Subscription to JoURNAL 

(non-member ) $4.00 
Proceedings (individual 

members) d 3.00 
Proceedings (non-mem- 

bers) : 4.00 
Individual copies of Jour- 

NAL ; Wh 
Yearbook (Transportation 

Companies) 00 2.00 


This will be presented to the General 
Council. 

9a. The advisability of including fac- 
ulty placement advertisements in the | 
JourNat was discussed and referred to f 
the General Council for action. 

b. Motion was made to refer to the 
General Council the matter of publish 
ing the Yearbook once every two years, 
with the understanding that if this is 
done, a list of names and addresses 
officers and committee members would 
be published each year in the JOURNAL 
This would make it possible to publish 
an issue of the JouRNAL in place of tht 
Yearbook, thereby providing an outlet 
for more papers, and effect a saving d 
approximately $1000 in the alternatt 
years. 

10. Applications of the Committee o 
Engineering Libraries and the Cont 
mittee on Relations with Industry for 
division status were referred to tht 
General Council for action. 
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MEETING OF THE EXECUTIVE BOARD 


11. The application of The Aero- 
nautical University for affiliate mem- 
bership was approved on the basis of 
technical institute accreditation only. 
The Secretary was authorized to ac- 
cept their application upon receipt of a 
letter of application to this effect. 

12. A resolution to the University of 
Pittsburgh was approved. It will be 
presented at the Annual Meeting. 

13. The Executive Board approved 
a Committee on International Rela- 
tions, with the following members: 
H. O. Croft, chairman, S. S. Stein- 
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berg, J. S. Thompson, and W. R. 
Woolrich. 

14. F. M. Dawson was appointed to 
represent the A.S.E.E. on the National 
Research Council for a term of three 
years. 

15. President MacQuigg read a let- 
ter which had been prepared to be sent 
to Mr. Day regarding the attitude of 
the A.S.E.E. on the proposed science 
legislation. The Executive Board 
voted approval. 

Respectfully submitted, 
A. B. BRonweELL, Secretary 


Inter-Professions Conference 


The Inter-Professions Conference on 
Education for Professional Responsi- 
bility, held in The Inn, Buck Hill Falls, 
Pennsylvania, April 12-14, was at- 
tended by many leading engineering 
educators. 

The Conference, a meeting of 96 edu- 
cators from the five professional fields 
of law, medicine, divinity, business and 
engineering, was sponsored by the Car- 
negie Corporation of New York to 
provide an opportunity for the different 
professions to assist each other by tell- 
ing of their experiences in the effort 
to establish educational programs which 
would graduate “not only competent 
practitioners but good citizens and bet- 
ter men and women as well.” 

Each of the professions represented 
presented their viewpoint on: 

1. What the goals and aims of pro- 
fessional schools should be. 

2. What types of courses must be 
included and how can these courses be 


taught in order to give our professional 
men and women (a) the best possible 
start in learning their professions from 
experience and (b) the qualities which 
citizenship in an enduring free society 
demands of its leaders. 

Speakers representing the engineer- 
ing profession included Karl T. Comp- 
ton, President of M. I. T., Robert E. 
Doherty, President of Carnegie Insti- 
tute of Technology, and Harry S. 
Rogers, President of The Polytechnic 
Institute of Brooklyn. 

Elliott Dunlap Smith, Provost at the 
Carnegie Institute of Technology, who 
conceived the idea of the Conference, 
was Chairman of the meeting ; Thomas 
K. Sherwood, Dean of Engineering, 
M. I. T., served on the planning com- 
mittee; and B. Richard Teare, Head 
of the Department of Electrical Engi- 
neering at Carnegie, was a speaker on 
the program. 





Second International Conference on Soil Mechanic 
and Foundation Engineering 


The Second International Confer- 
ence on Soil Mechanics and Founda- 
tion Engineering will be held in Rot- 
terdam, Holland, in June 1948. This 
meeting, sponsored by the Netherlands 
Government, is a resumption of the 
series initiated at Harvard University 
in 1936 and interrupted by the war. 
The president of the Conference is Karl 
Terzaghi, Consulting Engineer and 
Professor of Engineering Practice at 
Harvard University. The Conference 
is being organized by J. P. Van Brug- 
gen, Director of Public Works, Rotter- 
dam, T. K. Huizinga, Director of the 
Laboratory of Soil Mechanics in Delft, 
and other Dutch engineers. The Con- 
ference will be conducted in the Eng- 
lish language. 

In the United States, a National 
Committee on Soil Mechanics, consist- 
ing of thirty-five outstanding founda- 
tion engineers and soil mechanics ex- 
perts representing professional engi- 
neering societies and governmental 
engineering organizations; has been 
formed. Philip C. Rutledge, Professor 
of Civil Engineering at Northwestern 
University, is chairman of the Commit- 
tee. Its official address is: U. S. Na- 
tional Committee on Soil Mechanics, 


The Technological Institute, North § 
western University, Evanston, Illinois, 
To insure adequate representation of 
the United States in the technic 
works of the Conference, the Nationa 
Committee has been divided into fifteen 
subcommitees covering the major tech- 
nical subdivisions of Soil Mechanics 
and Foundation Engineering. 

Prospective members of the Cor 
ference and authors of papers are te 
quested to notify the National Com 
mittee of their intentions as soon a 
possible. To meet the conditions set 
up by the Dutch organizing committee, 
authors of papers to be published in 
the first volume of Proceedings of the 
Conference must submit in triplicate to 
the National Committee a title and 
brief (250 word) description of each® 
paper prior to September 1, 1947. For 
this volume completed papers must be 
received by the National Committee by 
December 1, 1947. 

Organized travel for those attending 
the Conference is planned and will bk 
arranged by the National Committe: 
Complete information on the Confer 
ence can be obtained by writing to th 
U. S. National Committee on Sol 
Mechanics. 
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New Members 


ALLERDING, JOHANNA E., Librarian, Univer- 
sity of California, Los Angeles, Calif. 
L. M. K. Boelter, W. L. Orr. 

Atvorp, Hersert H., Instructor in Mechani- 
cal Engineering, University of Michigan, 
Ann Arbor, Mich. F. L. Schwartz, H. E. 
Keeler. 

Arnow, LEonarD, Instructor in Engineering 
Drawing, New York University, New 
York City. Irwin Wladaver, L. O. John- 
son. 

Bett, Lawrance F., Instructor in Indus- 
trial Engineering, Stanford University, 
Stanford, Calif. C. H. Oglesby, E. L. 
Grant. 

Brake, Coin D., Instructor in Mechanical 
Drawing, Louisiana State University, 
Baton Rouge, La. L. J. Lassalle, L. L. 
Cooper. 

BLaNcHE, Joun G., Assistant Professor of 
Mechanical Engineering, Louisiana State 
University, Baton Rouge, La. F. T. Car- 
roll, G. F. Matthes. 

Bott, Jay A., Associate Professor of Me- 
chanical Engineering, University of Mich- 
igan, Ann Arbor, Mich. F. L. Schwartz, 
R. S. Hawley. 

Burpick, GERALD F., Assistant Professor of 
Industrial Mechanics, Alfred University, 
Alfred, N. Y. C. W. Merritt, R. M. 
Campbell. 

CaMpBELL, Reep W., Instructor in Engi- 
neering, Grove City College, Grove City, 
Pa. W. C. Frishe, C. J. Headland. 

CuengA, Paut F., Instructor in Mechanics, 
University of Michigan, Ann Arbor, Mich. 
R. A. Dodge, E. L. Eriksen. 

Cosy, Howarp R., Instructor in Mechani- 
cal Engineering, University of Michigan, 
Ann Arbor, Mich. F. L. Schwartz, H. E. 
Keeler. 

Cort, Ropert C., Associate Professor of 
Drawing, University of Michigan, Ann 
Arbor, Mich. F. L. Schwartz, F. R. 
Finch. 

Conner, Jonnson S., Assistant Professor 
of Mechanical Drawing, Louisiana State 
University, Baton Rouge, La. L. J. Las- 
salle, L. L. Cooper. 


DeEssAUER, WALTER E., Assistant Professor 
of Drawing, Tulane University, New Or- 
leans, La. G. W. Stephenson, A. M. Hill. 

Epmonson, GLENN V., Associate Professor 
of Mechanical Engineering, University of 
Michigan, Ann Arbor, Mich. F. L. 
Schwartz, H. E. Keeler. 

Evans, Epwarp E., Instructor in Civil En- 
gineering, Louisiana State University, 
Baton Rouge, La. W. P. Wallace, A. B. 
Bronwell. 

Evans, JAMes H., Lecturer in Engineering 
Drawing, St. Louis Institute of Geophysi- 
cal Technology, St. Louis, Mo. V. J. 
Blum, L. L. Quaid. 

FarrELL, JOSEPH B., Instructor in Chemical 
Engineering, University of Notre Dame, 
Notre Dame, Ind. E. J. Wilhelm, R. E. 
Rich. 

FeLtp, Myron X., Assistant Professor of 
General Engineering, Rutgers University, 
New Brunswick, N. J. M. T. Ayers, S. 
P. Owen. 

FERNANDEZ, JOHN P., Assistant Professor 
of Mechanical Engineering, Tulane Uni- 
versity, New Orleans, La. J. K. Mayer, 
A. M. Hill. 

Frier, James L., Instructor in Mechanical 
Engineering, Louisiana State University, 
Baton Rouge, La. H. A. Marcoux, F. T. 
Carroll. 

GaFForD, WILLIAM R., Instructor in Archi- 
tectural Engineering, University of New 
Mexico, Albuquerque, N. M. Roy Foss, 
A. B. Bronwell. 

GerHart, Pau L., Chief Instructor, RCA 
Institutes, 350 West 4th St., New York 
14, N. Y. A. B. Bronwell, Nell McKenry. 

Giumer, B. von Hater, Professor and 
Head, Dept. of Psychology and Education, 
Carnegie Institute of Technology, Pitts- 
burgh, Pa. F. T. Mavis, C. W. Muhlen- 
bruch. 

Gorpon, IrvinG, Assistant Mechanical Engi- 
neer, City of New York, 120 Wall St., 
New York 5, N. Y. Irwin Wladaver, 
L. O. Johnson. 
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Goro.tsk1, WILLIAM H., Instructor in Civil 
Engineering, Ohio University, Athens, 
Ohio. E. J. Taylor, E. F. Wilsey. 

GREENSHIELDS, Bruce D., Associate Pro- 


fessor of Civil Engineering, George Wash- . 


ington University, Washington, D. C. 
C. H. Walther, R. P. Eyman. 

Haas, CuristiAn B., Assistant Professor of 
Mechanical Engineering, University of 
Michigan, Ann Arbor, Mich. F. L. 
Schwartz, R. S. Hawley. 

Haess.y, Stuart B., Chief Engineer, Don- 
aldson Company, Inc., 666 Pelham Blvd., 
St. Paul 4, Minn. E. W. Johnson, A. B. 
Bronwell. 

Harris, Rosert B., Instructor in Civil En- 
gineering, University of Michigan, Ann 
Arbor, Mich. L. C. Maugh, F. L. 
Schwartz. 

HecuHier, Frep G., Director, Engineering 
Experiment Station, Pennsylvania State 
College, State College, Pa. H. P. Ham- 
mond, B. A. Whisler. 

HEpPINSTALL, Ropert S., Assistant Profes- 
sor of Engineering Drawing, University 
of Michigan, Ann Arbor, Mich. F. L. 
Schwartz, F. R. Finch. 

HILsENRATH, JOSEPH, Training Specialist, 
Naval Ordnance Laboratory, White Oak, 
Md. Wm. Oncken, R. D. Bennett. 

HoeHNE, WALTER H., Vice President, Utili- 
ties Engineering Institute, 2525 N. Shef- 
field Ave., Chicago 14, Ill. E. J. Sorensen, 
F. D. Burroughs. 

Jounston, Paut K., Head, Dept. of Phys- 
ics, Ohio Mechanics Institute, Cincinnati, 
Ohio. J. T. Faig, C. A. Joerger. 

Jones, Morris W., Instructor in Electrical 
Engineering, Clemson A. & M. College, 
Clemson, S. C. S. R. Rhodes, S. B. Earle. 

KaHLert, CHartes G., Instructor in Me- 
chanic Arts, Compton College, 1256 W. 
5ist St., Los Angeles 37, Calif. C. H. 
Siemens, A. B. Bronwell. 

Kertey, JAMES J., Assistant Professor of 
Civil Engineering, George Washington 
University, Washington, D. C. C. H. 
Walther, C. E. Gurley. 

KirKENDALE, GeorcE A., Assistant Profes- 
sor of Ceramic Engineering, New York 
State College of Ceramics, Alfred, N. Y. 
C. W. Merritt, R. M. Campbell. 

Kou.t, JoHn C., Assistant Professor of 
Civil Engineering, University of Michigan, 
Ann Arbor, Mich. R. L. Morrison, L. C. 
Maugh. 


NEW MEMBERS 


Lay, WALTER E., Professor of Mechanical 
Engineering, University of Michigan, Ann 
Arbor, Mich. F. L. Schwartz, R. §, 
Hawley. 

Lonc, Wayne E., Professor of Mechanical 
Engineering, A. & M. College of Texas, 
College Station, Texas. W. I. Truettner, 
R. M. Wingren. 

McKintey, James L., Director, Northrop 
Aeronautical Institute, 1515 E. Broadway, 
Hawthorne, Calif. C. E. MacQuigg, A. 
B. Bronwell. 

McLean, Lee V., Associate Professor of 
Electrical Engineering, Louisiana State 
University, Baton Rouge, La. L. J. Las- 
salle, M. B. Voorhies. 

Mirsrapt, KennetH P., Instructor in Civil 
Engineering, Illinois Institute of Technol- 
ogy, Chicago, Ill. E. I. Fiesenheiser, P. 
C. Huntly. 

Mooney, CotumBus V., Associate Professor, 
Texas College of Arts and Industries, 
Kingsville, Texas. F. H. Dotterweich, 
W. O. Rowland. 

Moore, Tom E., Instructor in Graphics, Vir- 
ginia Polytechnic Institute, Blacksburg, 
Va. J. B. Dent, J. R. Castleman. 

MoseE.LEy, Coriiss C., President Cal-Aero 
Technical Institute, 1310 Air Way, Glen- 
dale 1, Calif. C. E. MacQuigg, A. B. 
Bronwell. 

OrpeckK, Martin J., Associate Professor of 
Drawing, University of Michigan, Ann © 
Arbor, Mich. F. L. Schwartz, F. R. § 
Finch. 


Orts, Louris E., Associate Professor of Civil . 


Engineering, University of Maryland, Col- 
lege Park, Md. R. B. Allen, H. B. 
Hoshall. 

Parker, Epmonp M., Assistant Professor of 
Engineering, Centenary College of Louisi- 
ana, Shreveport, La. H. L. Henry, J. C. 
Seeger. 

PeesLes, JAMES H., Instructor in Mechani- 
cal Engineering, Tulane University, New 
Orleans, La. A. M. Hill, O. W. Stephen- 
son. 

Prister, Puitip C., Tutor in Mechanical 
Engineering, College of the City of New 
York, New York City. S. J. Tracy, E. 
B. Smith. 

Rapc.irFE, J. GLENN, Vice President, Tri- 
State College, Angola, Ind. C. E. Shaw, 
L. S. Ax. 

Ropcers, Lionet M., Non-Resident In- 
structor in Electrical Engineering, Massa- 
chusetts Institute of Technology, 400 Well- 
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NEW MEMBERS 


esley Rd., Philadelphia, Pa. E. M. Strong, 
G. R. Hanselman. 

Roney, Maurice W., Assistant Professor, 
Oklahoma A. & M. College, Stillwater, 
Okla. E. R. Stapley, E. C. Baker. 

Rook, Gustav, Assistant Professor of Draw- 
ing, Northeastern University, Boston, 
Mass. J. James Devine, E. F. Tozer. 

Suuma, Witi1AM F., Lecturer, Illinois In- 
stitute of Technology, 2704 S. Wesley 
Ave., Berwyn, Ill. F. M. Hrachowky, 
H. C. Spencer. 

SmitH, Juttan C., Assistant Professor of 
Chemical Engineering, Cornell University, 
Ithaca, N. Y. P. E. Kyle, C. C. Winding. 

STaNLEY, Paut E., Assistant Professor of 
Aeronautics, Purdue University, Lafayette, 
Ind. Jos. Listor, E. F. Bruhn. 

Stmt, A. Joun, Associate Professor of 
Chemical Engineering, University of Ala- 
bama, University, Ala. W. H. Taylor, 
W. G. Keith. 

Storry, Junis O., Instructor in Electrical 
Engineering, South Dakota State College, 
Brookings, S. D. J. N. Cheadle, W. H. 
Gamble. 

StutzMAN, Leroy F., Assistant Professor 
of Chemical Engineering, Northwestern 
University, Evanston, Ill. A. B. Bron- 
well, Nell McKenry. 

Sutron, WitLarp J., Associate Professor of 
Ceramic Engineering, N. Y. State College 
of Ceramics, Alfred, N. Y. C. W. Mer- 
ritt, R. M. Campbell. 
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TEASDALE, ARTHUR R., Assistant Professor 
of Electrical Engineering, University of 
Texas, Austin, Texas. A. W. Straiton, 
R. W. Warner. 

TuHompson, Cuartes H., Assistant Profes- 
sor of Technical Training, Oklahoma A. 
& M. College, Stillwater, Okla. E. R. 
Stapley, E. C. Baker. 

Von Berc, Rosert L., Assistant Professor 
of Chemical Engineering, Cornell Univer- 
sity, Ithaca, N. Y. C. C. Winding, P. E. 
Kyle. 

Wamp ter, Exrtis M., Instructor in Me- 
chanic Arts, Compton College, 12135 Cor- 
nish St., Lynwood, Calif. A. H. Siemans, 
A. B. Bronwell. 

WEINDLING, JoacHIm I., Tutor in Mechani- 
cal Engineering, College of the City of 
New York, New York City. S. J. Tracy 
E. B. Smith. 

Wuitrorp, Harotp C., Engineering Libra- 
rian, Cooper Union, New York City. C. 
H. Young, F. H. Miller. 

Witson, Francis H., Circulation Librarian, 
Purdue University, Lafayette, Ind. F. C. 
Hockema, W. A. Knapp. 

Younc, Lewis E., Consulting Mining Engi- 
neer, 423 Oliver Building, Pittsburgh 22, 
Pa. Re-admission. W. N. Jones, Nell 
McKenry. 

ZwencG, Cuartes A., Director of Training, 
Pan-American Navigation Service, 12021 
Ventura Blvd., North Hollywood, Calif. 
C. E. MacQuigg, A. B. Bronwell. 


937 new members this year on 
May 5, 1948. 





Subject Index, 1947-48 


ACCREDITING TECHNICAL INSTITUTES. 
H. P. Hammond 

ADMINISTRATIVE COUNCIL, REPORT OF 
THE PRESIDENT OF THE ENGINEER- 
ING COLLEGE 

ADMINISTRATIVE POLICIES AND OBJEC- 
TIVES OF RESEARCH IN ENGINEERING 
CoLLEGEs. F. E. Terman 

ADVANCEMENT OF THE ENGINEER DE- 
PENDS UPON THE INDIVIDUAL, THE 
SCHOOL, AND THE EMPLOYER. E. 
I. Fiesenheiser 

AERONAUTICAL ENGINEERING, JET PRO- 
PULSION INSTRUCTION AND THE 
UNDERGRADUATE CURRICULUM IN. 
M. J. Zucrow 

AERONAUTICAL ENGINEERING CURRICU- 
LuM DesiGn.' M. Nelles 

AGRICULTURAL ENGINEERING—ITS PLACE 
IN THE LAND GRANT ScHoots. A. 


PLACE OF ENGINEERING EXPERIMENT 
STATIONS IN. R.M. Green 
Courses, Most EFFECTIVE UTILIZA- 
TION OF FUNDAMENTAL ENGINEER- 
ING SuBJECTSIN. A.W. Farrall. .8, 
AMERICAN DeEMocrAcy, HIGHER EDvu- 
CATION FOR. Weller Embler.. . .10, 
AMERICAN SYSTEMS OF ENGINEERING 
EDUCATION, RELATIVE VALUES IN 
EUROPEAN AND. L.E.Grinter. .10, 
ANALYSIS, COMMENTS ON MECHANICS. 


APPLICATION OF MIcCRO-PILOT PLANT 
TECHNIQUES TO THE UNIT OPERA- 
TIONS LaBoraToRy. W. M. Lang- 
don, W. W. Shuster, L. S. Coonley, 
and H. C. Ott 

APPLICATION OF ‘THREE-DIMENSIONAL 
DyNAMIC GRAPHICS TO THE PRES- 
ENTATION OF ECONOMIC PRINCIPLES. 
J. D. Mooney and W. Fried 

APTITUDE TESTS FOR HiGH SCHOOL StTU- 
DENTS, PROPOSED ENGINEERING. K. 


ARCHIMEDES, THE MECHANICS OF ARIS- 
TOTLEAND. H.F. Girvin. 

ARISTOTLE AND ARCHIMEDES, THE ME- 
CHANICS OF. H. F. Girvin 


680 


ARMY RESERVE OFFICERS TRAINING 
Core PROGRAMS, COMMENTS ON. 
P. B. Narmore.. 

Atomic AGE, ENGINEERING EDUCATION 
FOR AN. Presidential Address: H, 


Atomic ENERGY COMMISSION, 
UNITED STATES. 

ATTRIBUTES, TEACHING PROFESSIONAL. 
N. W. Dougherty 


SEARCH. 
BIOPHYSICS, 
IN. 
BOOMERANG IN GRADING ENGINEERING 
DRAWING PRoBLEMS, A. Myron C. 


BUILDING AN ENDURING CIVILIZATION. 
Carl A. Norman 

BusINnEss MANAGEMENT OF A COLLEGE 
RESEARCH LABORATORY. 


CHEMICAL ENGINEERING LABORATORY 
INSTRUCTION, METHODs oF. R. K. 


CURRICULUM AT PURDUE, CONSTRUC- 
TION OPTION IN THE. R. E. Fadum 


CIVILIZATION, BUILDING AN ENDURING. 
Carl A. Norman 

COMMENTS ON ARMY ROTC ProGRAMS. 
P. B. NARMORE 

CoMMENTS ON MECHANICS ANALYSIS. 


CoMMON FIELD OF GRADUATE RESEARCH 
IN ENGINEERING. A. 


CONFERENCE, INTER-PROFESSIONS....10, 773 


CONFERENCE ON ADMINISTRATION OF 
RESEARCH 
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R. P. Johnson. .7, 44) 


TRAINING 
=NTS ON, 


DUCATION 
dress: H, 


VSTRUC- 
Fadum 


DURING. 
.... LO; 


SUBJECT INDEX 


CONFERENCE ON SolL MECHANICS AND 
FouNDATION ENGINEERING, SECOND 
INTERNATIONAL 

CONTRIBUTIONS OF SCIENCE AND TECH- 
NOLOGY TO EpucaTion. N. W. 
Dougherty 

CONTROL OF THE TANGIBLE FACTORS OF 
ENGINEERING EpucaTIon. G. C. 


CONSTRUCTION OPTION IN THE CIVIL 
ENGINEERING CURRICULUM AT PuR- 
DUE. . EB. 8, 

Cortotis’ Law, TEACHING. A. S. 


CORRELATION OF MATHEMATICS AND 
ELECTRICAL ENGINEERING. H. K. 
Justice and W. E. Restemeyer.. . .4, 

CoRRELATION OF MATHEMATICS AND 
ELECTRICAL ENGINEERING COURSES. 
C. G. Brennecke 5 

CORRELATION OF UNIT OPERATIONS AND 
Processes. D.E. Mack 


MINUTES OF THE MEETINGS OF THE 
EXECUTIVE BOARD AND 5 
A REPORT OF THE RESEARCH. F. M. 


CREATIVE ABILITY IN AN EDUCATIONAL 
SysTEM, DEVELopPING. K. B. Mc- 
Eachron 

CREATIVE WoRK IN ENGINEERING. J. 
F. Calvert 


CuRRICULA, PROGRESS REPORT OF CoM- 
MITTEE ON UNDERGRADUATE 
ECPD ResuMEs ACCREDITING OF 
ENGINEERING 
MopIFICATIONS AND TRENDS IN ENGI- 
NEERING. W. G. Van Note 
CURRICULAR CONTENT OF A GRADUATE 
PROGRAM IN ELECTRICAL ENGINEER- 
ING, PuHiLrosopHy AND. H. L. 


CURRICULUM FoR METALLURGICAL ENGI- 
NEERS. A. J.P. Spielman 
FOR DEVELOPMENT ENGINEERING. M. 
A. Edwards 
CurRICULUM, LABORATORY INSTRUCTION 
IN AN _ ENGINEERING. N. 


DEPRECIATION Poricy, MACHINE RE- 
PLACEMENTAND. Tell Berna 

DesicN Stress Factors. Joseph P. 
Vidosic. 


DEVELOPING CREATIVE ABILITY IN AN 
EDUCATIONAL SysTEM. K. B. Mc- 


DEVELOPMENT ENGINEERING, CURRICU- 
LUM FoR. M.A. Edwards 

Du Pont ENGINEERING DEPARTMENT, 
ENGINEERS AT WORK—THE. G. M. 


Economic CoursEs SHOULD BE _IN- 
CLUDED IN ALL ENGINEERING EDu- 
CATION?, WHAT MANAGEMENT AND. 
Eugene L. Grant 

EconoMy, REPLACEMENT OF EQUIPMENT 
FROM THE VIEWPOINT OF A TEACHER 
OF ENGINEERING. F.C. Dana...7, 

EDUCATION AND PRACTICAL TRAINING OF 
MECHANICAL ENGINEERS IN THE 
Unitep States. R.E. Doherty. .4, 

EDUCATION FOR AMERICAN DEMOCRACY, 
HIGHER. Weller Embler 

EDUCATIONAL PROBLEMS OF GRADUATE 
STUDENT THESIS BASED ON SPON- 
SORED RESEARCH. J. W. M. 


ELECTRICAL ENGINEERING COURSES, 
CORRELATION OF MATHEMATICS AND. 
C. G. Brennecke 
EVENING GRADUATE PROGRAMS 
Ernst Weber 
CORRELATION OF MATHEMATICS AND. 
H. K. Justice and W. E. Reste- 


PHILOSOPHY AND CURRICULAR CON- 
TENT OF A GRADUATE PROGRAM IN. 


ELECTRICAL ENGINEERING LABORATORY 
EXERCISES. Joseph C. Michalo- 

i 10, 
ELECTRONICS, ON THE STATUS OF ENGI- 
NEERING RESEARCH IN. Harry Dia- 


EMERGENCY INSTITUTIONS IN NEW YORK 
STATE, TRANSFER OF STUDENTS 
FROM. N.S. Hibshman 

REPORT OF COMMITTEE ON TRANSFER 
OF STUDENTS FROM 

ENDURING CIVILIZATION, BUILDING AN. 
Carl A. Norman 
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